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NEW BOOKS OF SCIENTIFIC INTEREST 


General Psychology. R. E. BRENNAN. xxxvii+ 
509 pp. $3.00. Macmillan. 


Atomic Structure of Minerals. W. L. Braaa. 
Illustrated. xiii+292 pp. $3.75. Cornell. 


The three introductory chapters survey x-ray and 
chemical crystallography. The remaining chapters 
describe mineral structure by families; the relation- 
ships between the structures and the physical and 
chemical characteristics of the minerals are discussed. 


The Newer Alchemy. Loxgp RUTHERFORD. [Iilus- 
trated. viii+67 pp. $1.50. Cambridge. (Mac- 
millan. ) 

A Nobel laureate writes on the transmutation of 
elements ; how it has been accomplished, and what it 
means. The book contains in a somewhat expanded 
form the subject matter of the Henry Sidgwick Me- 
morial Lecture delivered at Newnham College, Cam- 


bridge, in 1936. 


The World of Atoms. Second Edition. ARTHUR 
Haas. Illustrated. xiv+183 pp. $3.00. Van 
Nostrand. 

The achievements of modern atomic physics pre 
sented for the intelligent lay public. Dr. George B. 
Welch is the translator of this set of twelve lectures 
which were held at the University of Vienna where 
the author was professor of physics. 


Quantitative Analysis. W. C. Pierce and E. L. 
HAENISCH. xi+412 pp. $3.00. Wiley. 


A textbook which aims to develop in the student 
familiarity with analytical procedures and applica- 
tions, technical skill in their performance, an under- 
standing of the theoretical principles on which analyt- 
ical methods are based, and facility in performing 
stoichiometric calculations. 


Man in a Chemical World. A. C. Morrison. 
Illustrated. xi+292 pp. $3.00. Scribners. 


This review of the contribution of chemical industry 
to civilization was an outgrowth of the celebration of 
the three hundredth anniversary of the birth of chemi- 
cal industry in the United States, It is a matter-of- 
fact presentation of the science of chemistry applied 
to the problems of living. 


Stratosphere and Rocket Flight. C. G. PuHuip. 
vii+106 pp. $2.50. Pitman. 


The author presents a popular handbook on astro- 
nautics—the “science” of space flight of the future. 
He gives an historical survey, the present knowledge 
of the subject and touches upon the future of rocket 
flight including a discussion of the problems of inter- 
planetary space navigation. 


Twins. A Study of Heredity and Environment. 
H. H. NEwMAN, F. N. FREEMAN, K. J. HOLZINGER. 
Illustrated. xvi+369 pp. $4.00. Chicago. 

A study in which a biologist, a psychologist and a 
statistician examine the mental and physical similari- 


ties of identical twins reared together as compared 
with fraternal twins reared together and identical 


twins reared apart. 


An interpretation of the science of mind based on 
the psychology of Thomas Aquinas. In the main sub 
ject matter the author treats of the science and phi 
losophy of organic life, of sensory life, and of intel 
lectual life. There is a preface by Dr. Rudolf Allers 
of the University of Vienna. 


Folklore from the Schoharie Hills. E. E. Garp 
NER. xiv+35l1 pp. $3.50. Michigan. 


In this study the author discusses Schoharie folk 
lore and relates it to similar folklore in the United 
States and to ancient traditions and beliefs. There 
are chapters on ghost stories, witchcraft, songs and 


ballads, riddles, ete. 


Conservation of the Soil. A. F. GuSTAFSON. 
Illustrated. xvii+312 pp. $3.00. McGraw-Hill. 


A practical treatment of the problem of soil erosion, 
both by wind and water, under various conditions in 
different parts of the country. The author describes 
methods of control that involve in the main the use 
of inexpensive farm materials and are within the 
attainment of the individual land owner. 


Who’s Who in the Zoo. The WPA Federal 
Writers’ Project in the City of New York. Illus- 
trated. xii+211 pp. $1.69. Halcyon. 

The natural history of animals representative of 
the seventeen orders: Primates, Cetaceans, Sirens, 
Hyraxes, Elephants, Odd and Even-Toed Ungulates, 
Pangolins, Edentates, Aard-Varks, Rodents, Carnivores, 


Bats, Taguans, Insectivores, Marsupials, and Mono 
tremes., 


The Mentally Ill in America. ALBERT DeuTSCH. 
Illustrated. xvii+530 pp. $3.00. Doubleday. 


A non-technical presentation of man's struggle 
against mental disease in America. The author gives 
the history of mental illness from the earliest known 
instances and traces the problems of care and treat 


ment of the mentally ill up to the present day. 


A Black Civilization. W. LLoyp WARNER. [Iilus- 
trated. xviili+594 pp. $5.00. Harper. 


A social study of an Australian aboriginal tribe. 
The author analyzes the many aspects of the civiliza 
tion of the Murngin tribe of Northern Australia, deals 
with the structure and supernaturalism of these people 
and attempts to correlate specific aspects of their 
culture. 


Art and Life in New Guinea. RAyMonp Firs. 
Illustrated. 126 pp. $3.50. Studio. 


Contents: The Shape of the Land. Physical and 
Cultural Types. Forms of Settlement. Canoes in 
Native Culture. Art and Recreation. Art and Ritual. 
Qualities of New Guinea Art. The Primitive Artist. 
Method and Design. The Critique of Primitive Art. 
Plates. Bibliography. 
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| THE LIFE OF A 
LARYNGECTOMEE 


NICHOLAS EHRLICH 
Lost Speech Alliance, Vanderbilt Clinic, N. Y. 














The day came when huskiness was noted in Mr. Ehrlich’s voice. 
Hoarseness may be due to one of many causes. Was it a cold, or the 
result of too much lecturing? MacKenty sent his patient to Chevalier 
Jackson for a biopsy. The diagnosis was cancer. MacKenty oper- 
ated, and Nicholas Ehrlich faced the world speechless. An army of 
cancerous men—and physicians among them—has submitted to ex 
tirpation of the organ of the voice: a pathetic army unable to hail its 
fellows, handicapped in society, unfit for business. In the ingredients 
which make up Nicholas Ehrlich, there was something which caused 
him to confront the problem in a different manner. He began to 
study: mechanics, physics, physiology, music. THE LARYNx, about 
which he had never thought before, became the center of his universe. 
Like a child he began to learn the alphabet of speech, and after infinite 
effort he spoke again: but unlike a child he spoke without vocal cords. 
He is the pioneer laryngectomee and the first to speak with the spiro- 
separatus—for he devised the term and invented the instrument. 


Then he began to teach others. He became the inspiration of the 
Lost Cord League, and is now the soul of the Lost Speech Alliance at 
the Columbia Medical Center. Instead of a burden, he has proved a 
beacon to many shipwrecked passengers of life. He who has himself 
been laryngectomized can not and does not for a moment minimize 
the loss of the human voice. But he has lightened the tragedy of that 
loss. With patience, tact, technical skill and a knowledge of human 
nature, Nicholas Ehrlich is engaged in the task of restoring the voice 
to the voiceless. 

—From Professor Victor RoBiNson’s Foreword. 


Bound in blue cloth [Pp. 32] One Dollar 




















Froben Press: 4 St. Luke’s Place, New York, N. Y 
Enclosed please find check for $1.00 for which send me a copy of Nicholas Ehrlich’s Life of a 
Laryngectomee. 
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The Development of Modern Medicine. R. H. Recollections and Reflections. Sir J. J. Tuom 


Suryock. xv+442 pp. Illustrated. $4.00. Un son. Illustrated. viii+451 pp. $4.00. Macmillan. 


versity of Pennsylvania 
\ ‘ \n autobiography of the director of the Cavendish 


The relation of medical science to the social history Laboratory and Master of Trinity College, in which 
of humanity and an interpretation of the social and the author discusses his work as well as that of his 
scientific factors involved is the theme of this volume contemporaries He writes of his three visits to this 
The author traces the development from the 17th country describing his experiences at Princeton. Yak 


century until the present time Harvard and other institutions 


In Quest of Gorillas. W. K. Grecory and H. C. Matthew Boulton. H. W. Dickinson. Illustrated. 


RAVEN. Ilustrated. xvi+241 pp. $3.50. Darwin xxiv+218 pp. $4.50. Cambridge. Maemillan. ) 


Pe 


A narrative of an American Museum of Natural His The biography of the man who was James Watt's 


artner in erfecting the steam ng ,O oO 
tory-Columbia University expedition into the heart I P . he eam engine Boulton 

| . according to the author, was a craftsman of great 
‘ Afric: search of gorillas, relating scientific de 
i Atsee Mm searen ¢ “ artistic ability, an industrial organizer of genius. and 
tails, descriptions of nature, people and animals It a public spirited citizen to whom Birmingham owes 


is the March selection of the Scientific Book Club some of its present greatness 
Invertebrate Animals. The Insect Book. LELAND O. Howarp. Iilus 


E. Lutz, P.S. Weicu, trated. xxvii+429 pp. $5.00. Doubled 


Culture Methods for 
Edited by P. S. GALTsorr, F. 


J. G. NEEDHAM, xxxii+590 pp. $4.00. Comsto k, 
: Dr. Howard presents a non-technical account of the 
\ compendium prepared by over 150 zoologists bees, wasps, ants, grasshoppers, flies and other North 
under the direction of a committee of the American American insects exclusive of the butterflies, moths 


Association for the Advancement of Science It gives and beetles The author was formerly Chief of the 
methods for the management of cultures of a wide Division of Entomology of the 1 S. Department of 
range of invertebrate animals Agriculture. 


H. Hopss. Illustrated. xv+502 pp. Light. The Raw Material of Vision. Tuomas 


Peary. W. 
HALL SHASTID. 64 pp. $2.00. George Wahr, pub 


$5.00. Macmillan. 





The story of Peary’s long and eventful life which 


lisher to the University of Michigan. 


_ : > mM : is » Dr. Shas ) S . 
the author has told in six parts: The Period of Train In this volume Dr. Shastid, not a physicist but an 
ing; Exploratory Surveys; Exploring the Arctic ; Di eye-physician, considers light from a new point of 

Controversy ; view Incidentally he suggests an original set of 


rect Assaults upon the Pole; The Great 


For Defense of His Country 


Books previously announced will be given 


names for the subatomic particles 


space six times on this page for $12.00 
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THE METABOLISM OF ALCOHOL IN THE 
ANIMAL BODY 


By Dr. THORNE M. CARPENTER 
NUTRITION LABORATORY, CARNEGIE INSTITUTION OF WASHINGTON 


In 1913 the Nutrition Laboratory of can be introduced and transformed in the 
the Carnegie Institution of Washington body in quantities comparable with those 
proposed a tentative plan for the study of the nutrients generally used, protein, 
of the psychological and neuromuscular fat and carbohydrates. Alcohol is very 
effects of alcohol on the one hand and on _ rapidly absorbed in the body. The direct 
the other hand for the study of the determination of the rapidity of its 
physiological and the chemical processes absorption in the human body is extraor- 
occurring in man after the ingestion of dinarily difficult because of the problem 
alcohol. The part of the program deal- of recovering the unabsorbed portion, but 
ing with the effects of aleohol on the psy- the rate of absorption of alcohol can 
chological and neuromuscular processes readily be determined with animals that 
has had important contributions made to can be sacrificed at the end of the period 
it by Dodge and Benedict and subse- in which the absorption is studied. 
quently by Miles. Although alcoholic beverages are usually 

From time to time studies have also taken by mouth, the use of alcohol in 
been made upon the chemical side with enemata has been carried on for many 
respect to the changes in chemical proc- years in medical practice. This method 
esses when alcohol was ingested. These of introduction makes it possible to study 
studies have been continued without re- the rapidity of absorption because the 
gard to the changes in the legal status Unabsorbed portion can be recovered by 
of the consumption of alcoholic bever- TABLE 1 
ages. The use of alcohol in beverages P*ourzrox ov. 7.5 Pan, Cunr. Avcomor, SoLcrioNs 
has been world-wide for centuries. Con- HUMAN SUBJECTS 
sequently the problem of the chemical “o——_—_—— ee 
transformation of alcohol in the human a canna 











body is not one solely of national con- 3 an ese 
cern, At least one nation, the French, 4 s €3 see ges 
obtains as many calories from aleohol as = 3 z s $2 523 ERs 
from protein. . —_—— — - 
cc gm hrs. mins. oe 

ABSORPTION AND RECOVERY C Mar. 1.. 26 199 3 10 999 

ie D Mar. 3.. 265 199 4 4 1000 

Another reason for continuing these A Apr. 10.. 350 26.3 1 0 98.0 
studies is that aleohol has a number of 4 7 i5.. 500 375 i r sr 


unique characteristics as a material that a Se 


5 
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cleansing enemata. In a series of studies 
conducted at the Nutrition Laboratory, 
the absorption of alcohol from enemata 
was found to be extraordinarily rapid. 
Table 1 shows the results of one series 
of experiments on the rate of absorption 
of 7.5 per cent. aleohol solutions when 
given as enemata to human subjects. 
This property of rapidity of absorption 
brings about a quick distribution of alco- 
hol through the whole body because it is 
readily diffusible in body tissues and 
fluids. Alcohol has another unique prop- 
erty in that as long as it is still present 
in the body it can be identified and recov- 


Ce Mom SUBJECT A DEC 16 1915 
450ca 5 PER CENT ALCOHOL 


75 035 





e 
Le) 


125 


75 


ered and in animals, when the animal is 
sacrificed, the total amount of alcohol 
remaining in the whole body can readily 
be determined. In this respect alcohol 
is unlike other materials that are com- 
monly consumed because it is not pos- 
sible, for the most part, to follow the 
course of the usual three nutrients very 
readily after they are eaten. 

Protein, for example, is almost immedi- 
ately altered in character so that the 
original material can not be identified 
again. Certain types of fats may be iden- 
tified by their peculiar chemical charac- 
teristics. Only one of the sugars, dex- 
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HALF HOURS AFTER INGESTION BY MOUTH 

Fie. 1. CURVES SHOWING THE ALCOHOL PER CC OF URINE AT DIFFERENT INTERVALS AFTER THE 
INTRODUCTION OF 450 Cc OF 5 PER CENT. ALCOHOL RECTALLY AND 500 CC BY MOUTH. 
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COMPOSITE CHART 


MGM. 
PER 


45 


15 30 45 60 75 
COMPOSITE CHART 


oo 7|_MINUTES 
15 30 45 60 75 
Fic. 2. CHARTS SHOWING THE AMOUNTS OF ALCOHOL IN THE WHOLE BLOOD, PLASMA AND URINE 
AFTER THE INGESTION OF 27.5 GRAMS OF ALCOHOL IN 1,000 cc AND In 100 CC OF WATER (AFTER 
MILES). 


trose, can be followed with any degree of 
certainty, but even in this case it is not 
known whether the dextrose determined 
is that actually given, or whether it may 
not have come from some other source in 
the body itself so that it is practically a 
replacement material. 

Because of the chemical property of 
the recoverability of alcohol it is possible 
to follow the rapidity with which alcohol 
disappears from the tissues and fluids 
and thus have an idea of the rate of its 
transformation. For example, alcohol 
very quickly appears in the urine after 
it is once introduced by mouth or rectally. 
If the urine is collected periodically the 
alcohol may be determined quantita- 
tively, and the concentration followed 
from time to time. In Fig. 1 are shown 
the curves of the concentration of alcohol 
in the urine after the rectal injection of 
470 ee of 5 per cent. alcohol and after the 
taking of 500 ce of 5 per cent. aleohol by 
mouth. The maximum concentration was 





a 


DOSE, 27.59. ALCOHOL IN 1000 CC 


paieenniabiant CC 
TUTTLE PER min 
mwas ime { + 
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isis 
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DOSE, 27.59. ALCOHOL IN 100 CC cc 





90 05 120 135 150 165 


attained in one to one and one-half hours 
and at the end of five hours there was no 
longer any alcohol in the urine. 

In a similar manner we may follow the 
alcohol in the blood by withdrawing 
samples of blood periodically and deter- 
mining its amount. The alcohol in the 
blood is parallel to the alcohol in the 
urine, so that if one has either the urine 
or the blood the rapidity with which the 
alcohol is transformed in the body can be 
followed. 

Fig. 2 shows some results obtained by 
Miles at the Nutrition Laboratory on the 
comparison between the alcohol in the 
blood and that in the urine when 27.5 
grams of alcohol were given in a dilution 
of 2.75 per cent. or as 27.5 per cent. 
alcohol. The dilute alcohol was used 
because these observations were made at 
the time that there was an intense interest 
as to whether this concentration of alcohol 
was intoxicating. The figure shows defi- 
nitely the marked parallelism between 
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the alcohol in the blood and urine and 
that the alcohol in the urine is always 
slightly higher than that in the blood, 
regardless of dilution. 

After the ingestion of alcohol it may 
also be detected in the breath, as is evi- 
dent to bystanders in the vicinity of any 
one who has taken a noticeable quantity 
of alcohol. It should be noted that not 
only aleohol may give an odor but also 
other volatile compounds which are pres- 
ent in the liquid in which the alcohol has 
been taken. It is because of the constant 
association of these odors with alcohol 
that we assume that an individual has 
taken alcohol. Alcohol may, therefore, 
be determined in a definite volume of the 
breath and from this, again, is gained a 
knowledge of the rapidity with which 
alcohol disappears from the body. Table 
2 shows some results obtained by Lilje- 
strand and Linde on a comparison of the 
alcohol in the expired air with that in 
the alveolar air, that is, the air in the 
deepest part of the lungs, and that in the 
blood. There is a marked parallelism 
between the alcohol in the blood and that 
in the expired or alveolar air. In about 
2 liters of air, there is the same amount of 
alcohol as would be found in 1 ee of blood. 


TABLE 2 


ALCOHOL IN THE EXPIRED AIR, ALVEOLAR AIR AND 
BLOOD AFTER THE INGESTION oF 45 GRAMS OF 
ALCOHOL DILUTED To 150 CC (AFTER 
LILJESTRAND AND LINDE) 








Alcohol Alcohol 





After inges- P Alcohol 
Hono m2 tere An 2Mtere Per eco 
alcohol air ( 1°) air (31°) blood 
mins mgm mgm mgm 
a? seaces 0.42 bes vex 
ae od¢waes “4 0.43 so - 
arn aes oa 0.49 
a sassme 0.60 oma one 
a eseees Sse 0.64 jas 
iets ve — 0.65 
a ¢eawee 0.65 = Joe 
oT  sehe% — 0.78 
OS eae 0.65 Sue . 
ORT oma 0.73 ue 
ne cenevs te sae 0.67 
ree 0.53 see ree 
BD apeeat est 0.53 
Pr 0.41 Sal 
i aan 08 6 nile 0.43 ime 
an bee ace awa jas 0.54 
a Wneoes 0.40 nad eae 
cade e ose 0.41 ares 
a wee = 0.43 
Cup evs 0.36 oe see 
a aapede een 0.32 





These three methods of determining 
the amount of alcohol present in the body 
at various intervals after its introduction 
are of extreme value in determining the 
rapidity with which alcohol is trans- 
formed in the body and how long it still 
is present. 


RESPIRATORY QUOTIENT 


Alcohol has another unique property 
chemically because of the mathematical 
value of its respiratory quotient when it 
is completely oxidized in the body. 
When materials are burned in the body, 
there is a production of carbon dioxide 
that is eliminated mostly in the breath 
and an absorption of oxygen from the air 
that takes place in the lungs. The vol- 
ume of carbon dioxide divided by the 
volume of oxygen in this process is called 
the respiratory quotient. Table 3 shows 
the respiratory quotients for alcohol and 
for the three substances which are ordi- 
narily introduced into the body in our 
food ; protein, corresponding to meat, fat 
of various kinds, and carbohydrates, such 
as sugars and starch, which are finally 
transformed into glycogen and stored, 
when the supply is low or burned. The 
highest respiratory quotient is obtained 
with such materials as sugars and 
starches, and the lowest respiratory quo- 
tient under ordinary conditions would be 
obtained if nothing but fat were burned. 


TABLE 3 


RESPIRATORY QUOTIENTS (R.Q.) AND HEAT PER 
GRAM OF NUTRIENTS AND ALCOHOL 








Calories 





R.Q. 
WEGREEE cceccecs 0.81 4.40* 
Glycogen ....... 1.00 4.20 
eee eee 0.71 9.50 
BEGUNGE cesceces 0.67 7.08 





* Heat value when burned in the body. 


Ordinarily a mixture of these three 
substances is burned. The level of the 
respiratory quotient will be determined 
primarily by the proportions of carbo- 
hydrate and fat that are burned. In the 
combustion of alcohol, there are two vol- 
umes of carbon dioxide given off for three 
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volumes of oxygen used and the respira- 
tory quotient is 0.67, which is outside the 
range of the respiratory quotients usually 
obtained in the burning and transforma- 
tion of the ordinary foodstuffs used. 
Also aleohol furnishes energy. The 
amount per unit of weight is between the 
amount furnished by fat, the highest, 
and the amount furnished by starches 
and sugars, the lowest. 

A consideration of these different 
respiratory quotients shows that if alco- 
hol is burned in large quantities in the 
body, the respiratory quotient should be 
lower than when no alcohol is burned. 
In the study made on alcohol in the urine 
when alcohol was introduced in two dif- 
ferent ways, determinations of the respi- 
ratory exchange were also made in order 
to ascertain whether there was an effect 
on the respiratory quotient and for the 
purpose of calculating the amount of 
alcohol that was burned. 

When, however, these results were as- 
sembled it was found that although there 
was a depression in the respiratory quo- 
tient, as would be expected, it was not 
large. The amounts given were such that 
alcohol disappeared from the urine in 
about five hours. When calculations 
were made of the amount of alcohol that 
was burned, based on the amount of oxy- 
gen used and the respiratory quotient on 
the one hand and on the disappearance of 
alcohol in the urine on the other hand, 
there was a discrepancy between the two 
results. The amount obtained from the 
respiratory exchange was lower than the 
amount obtained from a measurement of 
the alcohol in the urine. Part of the diffi- 
culty was the uncertainty as to what kind 
of materials alcohol replaced when it was 
burned. The question then arose as to 
whether there is any particular tissue in 
the body in which alcohol could be stored 
and retained. 


DISTRIBUTION IN THE Bopy 


Therefore a study was made of the dis- 
tribution of alcohol in the various tissues 


and organs of the animal body. For this 
purpose domestic fowls were used, and 
as alcohol is very readily absorbed from 
the air in breathing, a system was used 
in which the animal was placed in a 
chamber with an atmosphere saturated 
with aleohol vapor. The animal then in- 
haled alcohol with each breath, and there 
was an accumulation of it in the body. 
The animals were allowed to remain in 
the chamber for 2 to 29 hours. They 
were then killed and the various tissues 
dissected and the amount of alcohol pres- 
ent in each tissue was determined. 

It was soon found that these animals 
absorbed considerable amounts of alcohol 
in this manner. The amounts remaining 
in the body at the end of the exposure 
varied widely, and in general the quanti- 
ties were proportional to the duration of 
the exposure, although this was not 
always strictly true. As a rule the blood 
had the highest amount of alcohol per 
unit of weight and those organs that had 
a large supply of blood, brain, kidneys, 
spleen, heart, lungs and liver, had alcohol 
per unit of weight that nearly ap- 
proached the amount per unit of weight 
of blood. 

Fig. 3 shows the relationship between 
the amount in the blood and the amount 
in the liver and that of the whole body 
and that of the portion called the re- 
mainder, namely, that left after the vari- 
ous tissues and organs had been dissected. 
The two intersecting straight lines within 
the figure, or the two axes, represent the 
concentrations. Where these lines cross, 
the concentration is at zero and extending 
along the lines in each direction horizon- 
tally or vertically the concentration in- 
creases according to the scales shown at 
the bottom and at the left-hand side of 
the figure. If the amounts of alcohol per 
unit of weight were the same in all four 
portions, then the figures would be per- 
fect squares. If on the contrary one 
tissue had no alcohol in it, the figures 
would be triangles. In the central por- 
tion of this figure for the most part, 
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three concentrations tend to form two 
sides of a square, namely, the whole body, 
the blood and the remainder. On the 
contrary, that of the liver shows very low 
alcohol when the rest of the body has 
also not much alcohol in it, but much 
lower than the other portions. If, how- 
ever, the concentration in the blood in- 
creases with the different animals, the 
concentration in the liver tends to ap- 
proach that of the blood. It is interesting 
to note that those animals in which the 
amount of alcohol per unit of weight of 
the liver was low in relation to the other 
parts showed no effects of alcohol, thus 
no signs of intoxication. However, when 
the liver came to have a concentration 
somewhat more nearly like that of the 
blood, then the animals began to show 
signs of intoxication. 

Other relationships of the blood to the 


other portions of the body are shown in 
Fig. 4, in which there are included for 
purposes of comparison the whole body, 
the skin and the fatty tissues. The fat 
had extremely small amounts of alcohol 
per unit of weight in comparison with 
any other tissue and thus could not serve 
as a place of storage for aleohol. In fact, 
from a general survey of the results ob- 
tained in this study there is no organ 
that can store alcohol. The amount 
present is primarily dependent upon the 
amount of blood circulating through the 
particular tissue, although the capacity 
of the individual tissues to metabolize 
alcohol undoubtedly also plays a réle. 
It is interesting to note that in some 
eases the brain had concentrations of 
alcohol approaching and sometimes even 
exceeding those of the blood. Also, as 
these fowls were mature, occasionally 





7 Pe, ea 


is a 





1 


2.0} 


' 


3.0j 


ee 


49 





SG) SSE ee ee 
50 





Tr Tr ert TT TY TT 


WHOLE | BODY — 


(BONES AND MUSCLES) 


he Gis > BS SS a EE Se 











6) 60 — oe 20 
MILLIGRAMS OF ALCOHOL PER GRAM OF TISSUE 
Fie. 3. 


10 10 20 30 40 


EQUILIBRIUM POLYGONS FORMED FROM THE PLOTTED CONCENTRATIONS OF ALCOHOL ( MILLI- 


GRAMS OF ALCOHOL PER GRAM OF TISSUE) IN THE BLOOD, WHOLE BODY, LIVER AND REMAINDER 


(BONES AND MUSCLES). 


FIGURE, AND THE CONCENTRATIONS ARE PLOTTED ALONG THE HORIZONTAL AND VERTICAL AXES. 


ZERO CONCENTRATION JS AT THE INTERSECTION OF THE AXES OF THE 


THE 


POINTS FOR EACH HEN ARE CONNECTED TO FORM A POLYGON. 


eee 


Sie 











ALCOHOL IN THE ANIMAL BODY 11 

















a 
10 ee 
BLOOD 4 
i: 
he Rs Se? ae a 
75 65 50 a0 


MILLIGRAMS OF ALCOHOL PER GRAM OF TISSUE 
Fie, 4. 





EQUILIBRIUM POLYGONS FORMED FROM THE PLOTTED CONCENTRATIONS OF ALCOHOL (MILLI- 


GRAMS OF ALCOHOL PER GRAM OF TISSUE) IN THE BLOOD, WHOLE BODY, SKIN AND FAT. 


there were present either masses of in- 
completely formed eggs or even whole 
eggs with shell on them at the time of 
killing. Invariably the eggs, even those 
with shell, showed noticeable amounts of 
alcohol, even though the time of exposure 
was short. The nervous system and the 
reproductive system are two tissues of 
vast importance for the proper function- 
ing of the body and for the continuation 
of the race. 

Table 4 gives the relation between the 
concentrations of aleohol in the various 
tissues and that of the blood. In general 
the relation is constant, regardless of 
whether the concentration of the alcohol 
in the blood is low or high, with the excep- 
tion of the liver. When the amount of 
aleohol per unit of blood is below 2.5 
mgm the ratio of the alcohol in the liver 
to that in the blood is much lower than 
when the amount of alcohol in the blood 
is above 2.5 mgm. In general this is the 
dividing line between those animals 
which showed no intoxication and those 
that did. 

One very important ratio is derivable 
from this series, namely, the ratio be- 
tween the concentration of alcohol in the 


whole body and that of alcohol in the 
blood, which is about two thirds. If the 
alcohol in the blood is known, the total 
amount of alcohol in the whole body can 
be estimated by multiplying the body 
weight by two thirds of the concentration 
of alcohol in the blood. This is of im- 
portance for estimating the amount of 
alcohol not only in animals but also in 
human beings, as these ratios have been 
confirmed by several investigators, more 
particularly by Widmark for humans, so 
that it is now possible from the analysis 
of blood to calculate the actual amount 
of alcohol present through the whole 
body. 

In the study of the distribution of 
alcohol with fowls a record was kept of 
the activity during the time of exposure. 
When these animals were arranged in 
order of activity it was found that those 
in which practically no activity was visi- 
ble showed high concentrations of alcohol, 
whereas those that had almost continuous 
activity showed low concentrations of 
alcohol. It was not known whether these 
differences between quiet and active ani- 
mals were due to a possibility that the 
animals that were quiet had a low capac- 
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TABLE 4 


RATIOS OF CONCENTRATION OF ALCOHOL IN THE VARIOUS TISSUES IN HENS EXPOSED TO ALCOHOL VAPOR 

















Average ratio of concentration in tissue to concentration in blood 
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* Does not include alcohol in feathers 


+ Remainder includes the organs not analyzed in addition to the portion usually remaining after dis- 


section. 


ity for utilization of alcohol and there- 
fore soon became intoxicated, which 
naturally would bring about quietness, or 
whether they were due on the other hand 
to an actual increased combustion of alco- 
hol as the result of activity. The impor- 
tance of determining whether alcohol is 
burned during activity is twofold. In 
the first place, it would be a contribution 
to the problem as to the source of energy 
for muscular work. This problem has 
engaged the activities of physiologists for 
many years. Also it would be of practi- 
cal value in cases where the individual 
has taken so much alcohol that he has 
become intoxicated and some means are 
necessary for restoring him to sobriety. 
If muscular work increases the combus- 
tion of alcohol, the individual ought to 
exercise. 


Errect or MuscuLtar Work 

A systematic study of the effect of mus- 
eular work on the rapidity of alcohol 
utilization in the body was made with a 
human subject. The respiratory ex- 
change was first measured to ascertain 
whether during muscular work the respir- 
atory quotient would be lower with alco- 
hol than without alcohol. The general 
procedure was to have the subject rest 
for one hour during which the base line 
for the day was measured. Then the 
solution for the day, either a control or 


LLL LOO LO LO teem ne ty ain 


one containing 30 or 50 ee of alcohol, 
was given him and the measurements 
were resumed and continued for three 
hours. On some days these three hours 
consisted entirely of rest. On other days 
the subject worked either one-half hour, 
one hour or two hours and the balance 
of the three hours was used for a recovery 
period. 

Table 5 gives the excess respiratory 
quotient during work and recovery on 
the alcohol and non-alcohol days. By 
excess is meant the extra amount of car- 
bon dioxide eliminated and extra amount 
of oxygen used above those that would 
have been found for the subject had he 
been at rest the entire time. This gives 
an indication of the character of the 
extra material used during muscular 
work. If, for example, all the work 
performed had been done with carbo- 
hydrate as a source of energy, then the 
excess respiratory quotient would be 
1.00. On the contrary, if the material 
used on the days on which alcohol was 
given consisted largely of alcohol then 
the respiratory quotient would be lower 
than on the days without alcohol. 

In the first group, in which the subject 
worked for one hour, the excess respira- 
tory quotients on the control days and 
on the alcohol days were practically the 
same. In the next group there is only 
a difference of 0.03 between the control 
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TABLE 5 
RESPIRATORY QUOTIENT OF Excess Gaszous Ex- 
CHANGE OF WORK AND RECOVERY WITH AND 
WITHOUT ALCOHOL (ToTAL PERIOD OF 
WorkK AND Recovery, 3 Hours) 








lhr.275 kgm hr. 550 kgm 2 hrs. 275 kgm 
m. 


p.m. p.m. p.m. 
2 hrs. recovery 2} hrs. recovery § 1 hr. recovery 
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days and the alcohol days. This differ- 
ence can hardly be considered significant. 
In the third group, not only is the respir- 
atory quotient on the aleohol days not 
lower than on the control day but is even 
higher on the days on which 30 ce of 
alcohol were given at the beginning of 
work. This absence of any definite find- 
ing of the effect of muscular work and 
alcohol on the respiratory quotient led to 
further studies as to the effect of muscu- 
lar work on the disappearance of alcohol. 

The metabolism of alcohol can be 
studied by determining from time to time 
the alcohol in the tissues and fluids of 
the body. In the study on muscular work 
the urine was collected for the entire 
period of time of work and of rest follow- 
ing work to ascertain whether, in spite 
of the absence of any definite result with 
the respiratory quotient, there would be 
any evidence that actually there was less 
alcohol present in the body when mus- 
cular work was performed than during 
rest. 

The results are shown in Table 6. 
With 30 ce of alcohol there was but a 
slight difference. This difference is 
within the range of differences that might 
be found, provided a larger number of 
experiments were run. In the group 
with 50 ce of alcohol there are two groups 
in which the amounts are identical. It is 
true that the other three columns show 
slightly lower figures than the rest ex- 
periments. However, the general lack of 
uniformity and definiteness in these re- 


sults implies that the muscular work has 
not reduced significantly the amount of 
alcohol. 


TABLE 6 


CONCENTRATION OF ALCOHOL IN URINES For REsT 
EXPERIMENTS AND EXPERIMENTS DURING 
MUSCULAR WORK AND Recovery (5 
To 6 Hours) (MILLIGRAMS oF 
ALCOHOL PER CUBIC 
CENTIMETER) 





30 ce alcohol 50 ec alcohol 
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Frequent measurements of the alcohol 
were then made by determining the alco- 
hol in the ventilating air current of the 
respiration apparatus. This alcohol must 
have come from the expired air of the 
subject. The results with 30 cc of alcohol 
are given in Table 7. In one group of 
experiments the subject rested the entire 
three hours and in the other he worked 
at the rate of 275 kgm per minute for two 
hours (equal to level walking about 3 
miles per hour) and then rested for one 
hour. After the third 15-minute period 
after the ingestion of alcohol there is 
no significant difference between the 
amounts of alcohol in the expired air in 
the two types of experiments. The table 
shows that in three hours the alcohol has 
nearly disappeared from the expired air. 
This would indicate a complete utiliza- 
tion or disappearance either by metabo- 
lism or by elimination of this amount of 
aleohol in that period of time. The 
utilization of 30 ce in three hours is a 
rapid rate and is equivalent to 174 calo- 
ries, nearly 1 calorie per minute. This 
would nearly equal the energy output of 
an average man sitting quietly. Because 
the measurements were not continued 
until it was absolutely certain that all 
the alcohol had been utilized, it is diffi- 
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TABLE 7 
CONCENTRATION OF ALCOHOL (MGMS PER LITER) IN EXPIRED AIR IN EXPERIMENTS AFTER THE INGESTION OF 
30 cc oF ALCOHOL IN REST EXPERIMENTS AND EXPERIMENTS WITH MUSCULAR WoRK (2 HOURS 
AT 275 KGM PER MINUTE) (15-MINUTE PERIODS) 








Kind of 


Periods after ingestion 





experiment - ; —a a , 


-~ 


6 7 8 9 10 11 12 








Resting experiments .. 0.32 


Work experiments .... 


0.20 0.17 0.10 0.10 0.07 


Work periods 
0.17 0.12 0.12 0.10 0.09 0.07 0.06 0.06 


0.08 0.05 0.05 0.05 0.03 0.03 


Rest periods 
0.04 0.02 0.02 0.02 





cult to estimate the exact time of the dis- 
appearance of this amount of alcohol. In 
the values recorded in the literature there 
is rarely, if ever, a value as high as this 
for the metabolism of alcohol with man. 

There were, finally, experiments in 
which was determined the alcohol in the 
urine, in the blood and in the expired 
air. The subject in this case rode an 
ergometer for one hour after receiving 
the alcohol. Samples of urine and blood 
were taken. He then again rode for an 
hour and the sampling was repeated, and 
then he rested for two hours. On the rest 
day the same routine was followed, with 
the exception that the subject rested the 
entire time instead of working. In Table 
8 are given the results for the blood and 
urine. The findings on the alcohol in the 
expired air were essentially the same as 
in the preceding experiments. There 
were no significant differences in either 
blood or urine between the values on the 
rest day and those on the work day. 


TABLE 8 


ALCOHOL IN BLOOD AND IN URINE AFTER THE INGES- 
TION oF 50 cc OF ALCOHOL IN RESPIRATION 
EXPERIMENTS WITH A HUMAN SvuB- 

JECT (MILLIGRAMS PER CC) 











Kind of 





Kind of 7 
experiment Blood Urine, periment Blood Urine 
Work at 415 Rest 
kgm per min. through- 

out 

1 hour’s work 0.77 0.91 lhour. 0.67 0.80 
1 hour’s work 0.48 0.63 lhour. 0.46 eed 


1% hours’ rest 0.19 0.24 14 hours 0.26 0 





The conclusion was drawn that the per- 
formance of muscular work after the in- 
gestion of alcohol did not affect the rapid- 
ity with which the alcohol disappeared in 
the body. The only effect muscular work 


can have on the amount of alcohol in the 
body is to remove some of it by simple 
vaporization through the breath. But in 
these experiments it was found that the 
actual amount of alcohol removed by the 
breath during muscular work was only 
twice as much as that during rest and the 
maximum percentage of the total alcohol 
ingested that was removed in any case by 
the breath was 1.6 per cent. Any attempt 
to remove alcohol through increased ven- 
tilation would require a perfect whirl- 
wind through the lungs in order to be 
really effective in diminishing the amount 
of aleohol in the body. 

Similarly, the amount removed in the 
urine was not over 1 per cent. Although 
it is true that by drinking more water or 
fluids more alcohol would be eliminated 
in this manner, the amount that could be 
removed through flushing would require 
gallons of water in order to be effective 
and these large quantities should be 
taken immediately after taking alcohol, 
because the amount of alcohol gradually 
diminishes of itself and there would be 
no point in taking large quantities of 
fluids when the alcohol in the body had 
reached a low point. 

It has been found that there is a dimi- 
nution in the alcohol in the expired air, 
in the urine and in the blood after its 
ingestion, but on the other hand we have 
not been able to ascertain by means of the 
respiratory exchange or by a study of 
distribution what has become of the alco- 
hol. The difficulty is in the calculation 
of the kind of material that aleohol would 
replace. For this purpose are used the 
nitrogen in the urine, which represents 
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Fic. 5. DURATION OF ALCOHOL IN THE HUMAN EXPIRED AIR AFTER THE I’) GESTION OF 15 CC OF 
ALCOHOL ALONE, AND AFTER THE SAME AMOUNT OF ALCOHOL WITH 46.5 GRAMS OF GLUCOSE, FRUC- 
TOSE OR GALACTOSE. 


the protein burned, and the respiratory 
exchange, which represents the sum of 
the combustion of protein, fat and carbo- 
hydrates. When alcohol is also intro- 
duced into the body and its effects are 
added to the respiratory quotient, a situa- 
tion is produced in which four substances 
are dealt with and it is not known which 
of the usual three substances, namely, 
protein, fat and carbohydrates, alcohol 
replaces or whether it replaces all three 
according to their proportions of the 
amount that is burned at the time of 
ingestion of alcohol. In all previous 
work the latter has been assumed. The 
two materials that have the greatest effect 
on the respiratory quotient theoretically 
are the carbohydrates at one end and fat 
at the other, and in the absence of a 
marked lowering of the respiratory quo- 
tient after the ingestion of alcohol it is 
conceivable that it is not carbohydrate 
that is replaced but rather some other 
substance. 


Tue Errect or Sugars 


Mellanby found in his first investiga- 
tion on the metabolism of alcohol that, 
when food was ingested along with the 
aleohol or shortly before the taking of 
alcohol, there was not so great a rise in 
the aleohol in the blood as when no food 


was ingested. At first the effect of food 
was ascribed to the slowing of the absorp- 
tion of aleohol. If the effect of food was 
to slow the absorption of alcohol, we 
would expect to find that alcohol re- 
mained in the body a longer period of 
time when food was taken than when no 
food was taken. This, however, is not the 
ease. Some foods actually increase the 
rapidity with which alcohol disappears. 

On the hypothesis that it was not car- 
bohydrate that was being replaced by 
alcohol but something else, a group of 
experiments were made in which alcohol 
was given with and without the addition 
of sugars. For this purpose there were 
used the three sugars that occur either 
naturally or as the result of breaking 
down of food, namely, glucose, the sugar 
which occurs in blood, fructose, which 
occurs in sweet friits and as a result of 
the hydrolysis of cane sugar during 
digestion, and finally galactose, which 
comes from the splitting of milk sugar 
during digestion. As pointed out before 
sugars will raise the respiratory quotient 
and alcohol should depress it. The prob- 
lem was whether the sugars would be 
burned as rapidly when taken with alco- 
hol as without alcohol and what the effect 
of the sugars was on the disappearance 
of alcohol in the body. 








16 THE SCIENTIFIC MONTHLY 


In Fig. 5 is shown graphically the time 
during which alcohol was found in the 
expired air when alcohol alone was given 
and when alcohol was combined with the 
three sugars. At the left, the group with 
alcohol alone shows a longer appearance 
of alcohol in the expired air than when 
alcohol was taken with either glucose or 
fructose. Fructose very definitely hast- 
ened the disappearance of alcohol. On 
the contrary, galactose did not accelerate 
the disappearance of alcohol. 

Fig. 6 shows the comparison between 
the respiratory quotients obtained when 
glucose was given alone and those when 
glucose was given with alcohol. Here 
there is a very marked contrast between 
the respiratory quotient after sugar alone 
and that after alcohol and sugar. 

The plan of these experiments was 
based on the idea that the respiratory 
exchange should be measured and the 
alcohol in the expired air determined 
until the aleohol had disappeared. Cor- 
rections could then be made for the alco- 
hol eliminated by way of the expired air 
and the urine and it could be assumed the 
remainder of the alcohol had been metab- 


olized in the body, and by metabolized 
is meant presumably burned. After the 
respiratory exchange had been corrected 
for the carbon dioxide and oxygen due 
to aleohol, the amounts of other materials 
burned were calculated and a comparison 
was made of the results obtained on alco- 
hol days with those obtained on the days 
when no alcohol was given. 

When this was done with the experi- 
ments with glucose, it was found that we 
were justified in the hypothesis we 
started with, namely, that alcohol replaced 
something else other than carbohydrate. 
Table 9 shows the changes in the metabo- 
lism of carbohydrates and fat after the 
ingestion of 46.5 grams of glucose and of 
15 ec of alcohol, given separately or given 
together. In the two groups in which 
alcohol was given there was a marked 
lowering of the fat metabolism, but there 
was an increase in carbohydrate combus- 
tion whether the glucose was given alone 
or with alcohol. Alcohol definitely 
replaced fat in the metabolism. 

Referring to the respiratory quotients 
again and comparing the respiratory 
quotient of fat (0.71) with that of alco- 
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ALCOHOL IN THE ANIMAL 





BODY 


Fic. 7. PHOTOGRAPH OF BENEDICT HELMET RESPIRATION APPARATUS AS USED FOR y OF 


THE RESPIRATORY EXCHANGE DURING MUSCULAR 


WORK W H AND W HO I ( OF 


ALCOHOI 


hol (0.67), a marked difference is not 
Therefore, if 
placed fat in the metabolism, the respira- 
would not be markedly 
This seems very definite evi- 


observable. alcohol re- 
tory quotient 
affected. 
dence that aleohol when ingested by man 


either replaces fat in its combustion or 


else is converted into some kind of mate- 
rial with a respiratory quotient resem- 
bling that of fat. 


H. H. Mitchell has recently 


nlete diet tor 


found that 
if aleohol is added to a com 
rats, there is in the tissue gained by the 
animals traceable to aleohol a greater 
amount of fat than is produced from 
Now if alcohol is 


burned in the body, it furnishes energy, 


the basic diet alone 


and from the amount ingested a caleula 
tion can be made of the proportion of the 
total energy expended in a given period 
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rABLE 9 
EFrrect oF WATER (CONTROL), ALCOHOL, GLUCOSE, 
AND GLUCOSE AND ALCOHOL ON THE METABO 
LISM OF CARBOHYDRATE AND FAT (GRAMS 
INCREASE (+) OR DECREASE (—) 


IN THREE HOURS) 
Carbohydrate Fat 
300 ec water rr 1.4 4 
15 ce alcohol . ay 2.8 6.1 
16.5 grams glucose 1.3 0.7 
15 ce alcoho } ~ ae 
16.5 grams glucose | +12 ‘.o 


of time that is supplied by alcohol alone, 
provided that all the aleohol is metabol- 
ized. In the experiments with fructose 
and glucose the aleohol disappeared from 
the expired air in most cases at least by 
It therefore 
seemed justifiable to assume that the alco- 


the end of the experiment. 


hol had been burned or metabolized. 
When a calculation is made as to what 
proportion of the energy under these con- 
ditions can come from alcohol, we find it 
relatively high, namely, at least 40 per 
cent. In a few experiments higher con- 
centrations of aleohol were given along 
with dry sugar. In these experiments 
the aleohol disappeared much more rap- 
idly than in the experiments with more 
dilute solution. In fact, if a calculation 
is made on the supposition that the dura- 
tion of alcohol in the expired air repre- 
sents only the period of time in which 
alcohol is present in the body, the absurd 
result is found that over 100 per cent. 
of the 
This points to one conclusion, namely, 


energy can come from alcohol. 
that instead of the alcohol being burned, 
the disappearance of aleohol is due to its 
other 
which may either be stored or utilized in 
the body. 


A number of other investigators have 


conversion into some substance 


been working on the effect of hormones 
on the rapidity with which alcohol dis- 
appears in the body. The most effective 
one is insulin, a substance that is used in 
the treatment of diabetes. Very marked 
increases in the disappearance of alcohol 
have been found with animals after the 


Here again the 


amounts of alcohol estimated as utilized 


injection of insulin. 
in the body are so large that it is not 
reasonable to suppose that they represent 
actual combustion. 

It would seem as though this is one of 
the lines for future investigation, that is, 
whether there are any conditions under 
which the disappearance of alcohol is so 
rapid that it can not be accounted for 
solely by combustion. These studies can 


best be carried on by a combination of 
methods, namely, measurement in some 
way of the actual presence of alcohol in 
the body fluids or expired air and at the 
time a the total 


respiratory exchange in order to estimate 


same measurement of 
the total energy expended during the en- 
tire period of time. The theoretical value 
of such experiments is great from the 
standpoint of pure physiology and bio- 
chemistry alone, and the practical value 
of any knowledge of the way in which the 
disposal of aleohol is brought about in the 
human body needs no elaboration. 


SUMMARY 

Aleohol the 
animal body and its presence after ab- 
sorption can be detected in the blood, 
urine, and expired air until it has dis 
appeared either by elimination or through 
Aleohol is distrib- 
uted throughout the body mainly aceord- 


is readily absorbed by 


metabolie processes. 


ing to the blood supply of the various 
tissues and organs. The disappearance 
and metabolism of aleohol are not aceel- 
erated during increased muscular activ- 
ity. This the 
determinations of respiratory quotients 


conclusion is based on 
and on the determination of alcohol in 
blood, urine, and expired air. Studies 
with sugars and alcohol, in which the 
respiratory exchange and the alcohol in 
the expired air were continued until the 
alcohol had disappeared, showed that al- 
cohol replaced mainly fat in the metabolic 
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THE STORY OF WHALING 
A PARABLE OF SOCIOLOGY 


By Dr. JOHAN HJORT 


PROFESSOR OF MARINE BIOLOGY, 


In ‘‘Moby Dick’’ you'll find this 
charming sentence: ‘‘I stuffed a shirt or 
two into my old carpet-bag, tucked it 
under my arm, and started for Cape 
Horn and the Pacific. Quitting the good 
city of old Manhatto, I duly arrived in 
New Bedford.’’ 

As the intellectual center of the New 
England coast, where whaling has been 
an important factor during the three 
centuries which we are now celebrating, 
Harvard itself is intimately associated 
with the history of whaling. In times of 
expansion, success and prosperity as well 
as in periods of decline, failure and pov- 
erty, whaling was the very first industry 
on the high seas. 

I was very pleasantly surprised to re- 
ceive the invitation to deliver a lecture on 
the story of whaling in this center of tra- 
dition and at this historical meeting. I 
beg to accept the invitation as a represen- 
tative of the Norwegian whalers. It may 
truly be said of these countrymen of 
Melville writes on 
former 
Vancouver 


Herman 
whalers of 
which 


mine, what 
your days: 
‘*Often, adventures 
dedicates three chapters to, these men 


accounted unworthy of being set down 


own 


in the ships common log.’’ 

Some years ago a Norwegian captain, 
somewhere in the Ross Sea, took his float- 
ing factory in between two rapidly ap- 
proaching icebergs to liberate his catch- 
ers which had stuck in the ice. ‘‘It is 
nothing to speak of,’’ he said to me. ‘‘I 
saw that my men were in danger and 
took them out.’’ I was glad at that 
moment that no personal adventures ever 
figured in the reports from my own ex- 

1A paper delivered at the Tercentenary Con- 
ference of Arts and Sciences at Harvard Uni- 
versity, September 8, 1936. 


UNIVERSITY OF OSLO, NORWAY 


peditions and believe that | with 


agree 
all whalers if I by this occasion confine 
myself to scientific problems and facts 
But, to Melville 


once more: ‘‘If you declare, that whaling 


only. quote Herman 


has no aesthetically noble associations 
with it, then 


shiver fifty lances with vou there, and 


connected I am ready to 
unhorse you with a split helmet every 
time.’’ 

I was no less pleased to accept this 
invitation as a biologist. It encouraged 
me to hope that this great meeting will 
mark a change in the valuation of scien- 
tific ideals—a sign that the aim of scien- 
tists will no longer be so predominantly, 
as hitherto, a flight from the visible and 
from the practical work of men into the 
realm of pure thought; a sign that the 
observation of nature in all its splendor 
will again be considered intellectually 
satisfying and a joy of scientists, as it 
always has been to naive human realists 
individual 


greatest 


The whale is the 
form of existence, of life in nature; one 
blue whale may weigh as much and more 
there 


than a thousand men. The whale, 


fore, represents the greatest contrast to 
the invisible particles which for many 
vears have so greatly absorbed the inter 
est of scientists. On the other hand, the 
activities of man in whaling are interest 
ing not only from a commercial point of 
view, but as parables of general problems 
of the 
human societies. 


The particular aim of this lecture will 


greatest importance in modern 


be to diseuss analogies or correlations 


which themselves to scientific 


thought in the synoptic view of the life 


present 


of the populations of whales and the 
exploitation of the stock of whales. 
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(1) DirreRENTIATION 
The first and most fundamental 
analogy between nature and human ac- 
tivities is the parallel of principles which 
nature applies in her creation of species 
by differentiation of structures and func- 
tions and which man must follow by divi- 
sion of labor in all his enterprise. 

This parallel, however, has merely a 
superficial importance if the differentia- 
tion into species or the organization of 
work by division of labor can not be cor- 
related with certain definite factors which 
ruide the events in a special direction. 
In biology this synthetical process is 
called the adaptation to the external 
conditions of life; in sociology, the ad- 
justment of work to technical and social 
necessities. 

If we remember how difficult it is to 
make out the details of the organization 
of the enormous bodies of the whales, and 
if we remember how searce the material 
at the disposal of scientists was in former 


days, it must be considered a remarkable 
achievement that the Danish biologist 
Eschricht as early as in 1846 was able 
to see the correlation between the specific 
forms of whales and their adaptation to 
the different sources of wealth and means 
of subsistence in the ocean. So he distin- 
guished four biological groups of whales: 
those which lived on fish, on warm- 
blooded animals, on crustacea of many 
kinds and sizes and lastly on cuttlefish. 
In this way we realize that each type 
of animal reflects the potentialities of 
development afforded by the sea itself. 
Knowledge of the whales of the past even 
enables us to understand the conditions 
which existed in the ocean in bygone days. 
A speculative branch of science has 
actually constructed evolutionary series 
by which these extinct ancestors are 
linked up with their modern descendants. 
In the coastal seas—off the shores 
where the ancestors of the whales lived 


there were shoals of all kinds of fish, 











THREE COMMON WHALES 
Top: Delphinus acutus PHOTOGRAPHED IN THE BERGEN MusEuM. Middle: THr BLUE WHALE, 
Bottom: THE SPERM WHALE OR CACHALOT. 


Balaenoptera musculus. From G. O. Sars. 
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THE STORY 


OF WHALING 





THE ANTARCTIC 


These 


were the fish which tempted the land 


equal in size to our cod or salmon. 


animals to begin hunting in the sea and 
fast 
Nowadays the coas- 


turned them into swimmers and 


clever fish-catchers. 
tal seas support a great many different 
most numerous 


kinds of whales, the 


groups being the dolphins. These are 
typical fish-eaters. 

But the 
forms of wealth ; 


other 
small fish in such quan- 


coastal seas contain 


tities that, taken in bulk, they leave the 
larger kinds far behind. There are the 


caplins, herrings, sardines and many 


And then there are alto 
gether different types of animals 


ot her species. 
Crus- 
varieties: minute 


tacea of innumerable 


species measuring a few millimeters, 
which are known as red copepods, and 
larger sorts, about an inch long, which 
our fishermen call ‘‘krill.’’ 

A whale built like a dolphin, with 
powerful many-toothed would 
never survive if it had to live by eatch- 
ing all these little creatures one by one. 
But common to the life history of all 


these small species is the peculiarity that 


jaws, 


bag. 


they can be caught in a net or 


RIGHT WHALE, BALAENA AUSTRALIS 


Nature made a similar technical inver 
tion when she created the grid of the 
whalebone whales Of these there are 
two groups First, there are the clums\ 
right whales (genus Balaecna ke the 
Nordeaper and the Greenla hale 
which skim the sea The be if the 
whale pushes as it were its huge moutl 
through the water, which filters through 
the high grid of long whalebones, whilk 
the small creatures are retained The 

there are the strong, rapid swimmers 


the finner whales (genus Ba 


which ‘‘play,’’ as the whalers call it. No 
sooner do these whales catch sight of a 
patch of food than they are upon it in a 
flash: they take a huge mouthful, say 
several barrels full, of minute organisms, 
and then with their powerful tongues 


squeeze out the water through the natural 
filter formed by their short whale-bones 

Among the genus Balaenoptera nature 
units, individual 


reaches the vreatest 


units in existence. The muscles of 


one 
blue whale may weigh oyer 56 tons, its 
blubber 26, the bones 23, the tongue 


600 kilos or 


more 


than 3 tons and the heart 


1,200 pounds. A new-born blue whale 
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Vackintosh and Wheeler 


THE GROWTH OF THE BLUE WHALE. 


has a length of 7 meters or 21 feet and 
weighs 2 tons or as much as 20 men; 7 
months later it reaches a length of 16 
meters or 45 feet, 12 months later 23 
meters or 69 feet. In the first seven 
months the whale puts on a weight of 
21 tons or 100 kilos or 200 pounds in 24 
hours. If a blue whale puts on 10 knots 
speed it develops about 47 horse-powers. 
For hours on end | have watched my 
friends the whalers trying unsuccessfully 
to overtake a blue whale in the Antarctic 
waters. Hour after hour the impatient 
gunner would call for full speed, but 
though he could steam at 13 or 14 knots 
he often had to give up, while I felt a 
thoroughly unbusinesslike admiration for 
the powers of the whale and marveled at 
the wonderful machinery that nature has 
constructed out of flesh and blood. 

The first whalebone whales must have 
chiefly preyed upon small fish, which 
still play an important part in the diet 
of certain species, such as the humpback 
and the finner. As time went on, how- 
ever, the ocean crustacea acquired in- 
creasing importance. And it beeame 
increasingly necessary for the whalebone 
whales to adapt their habits closely to 
the habits and habitats (areas of distri- 


bution) of the animals wpon which they 
lived. If, 
stand the habits of the whale, we must 


therefore, we would under- 


make ourselves fully acquainted with the 
life-history of all these animals, which 
serve as their food. 

If we fish with a tow-net in the coastal 
waters of the Norwegian Sea in winter- 
time, the resulting catch will be very 
meager. Tons of water may be filtered 
without finding more than a few survi\ 
ing specimens of small crustacea, and the 
only place where a few scattered krill 
may be met with is the layer close to the 
bottom in the fjords and on the coastal 
banks. In spring, on the contrary, when 
the sunlight calls forth a rich growth of 
plants, red copepods appear in such im- 
mense quantities that they actually make 
large patches of red on the sea. Later on 
in the summer there are swarms of krill. 
These rise from the bottom layers of 
water in order to spawn their tiny eggs, 
which look like minute glass globes, on 
the surface of the sea. 

It is only at such times, when the red 
copepods, krill or small fishes are present 
in dense masses, that the whalebone 
whale can catch enough food to satisfy 


Whaling 


its enormous requirements. 
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operations off the coast of Norway have 
furnished ample evidence of the connee- 
tion or correlation existing between the 
simultaneous appearance of ‘‘food ani- 


mals’’ and whales. In the north, off the 
coast of Finmark, several annually recur- 
rent migrations of whales have been ob- 
served. Thus in spring (April) the fin 
whale (Balaenoptera physalus) made its 
appearance exactly at the same time as 
the 
salmonid, the caplin or ‘‘lodde,’’ as our 
fishermen call it (Mallotus 
villosus), arrived on the coast. As soon 
as the shoals of fishes disappeared, the 
whales took their departure. 
Later on in the year, at mid-summer, 
when an arctic crustacean, a krill (Thy- 
these 


vast spawning shoals of a small 


Norwegian 


likewise 


sanoessa inermis) swarmed in 
waters, the big blue whale arrived on the 
spot for the brief spawning period of 
this krill. Farther to the south, off the 
coast of Mére (near the Romsdal fjord), 
spring is the spawning time of the boreal 
of the krill 
mermis), which in 


herring, and also arctic 

Thysanoessa 
aretic north does not swarm before the 
summer. The fin whales, however, have 
accommodated their habits to the spawn- 
F in- 


mark they pursue the caplin shoals, while 


ing periods of these animals. In 


off Mére they prey on the shoals of her- 
ring. 
the whalers’ annotations of the places 
the fin 
spring and 


That this is so may be seen from 
whales were 
the 
whales. In 


caught in 
of the 
summer 


where 
from contents 
stomachs of these 
not the but 
of krill (MWeganyctiphanes 
swarms on the slopes of the southern 


arctic the boreal species 


norvegica ) 
coastal banks. On the spawning grounds 
of this latter species fin whales are caught 
But 
the connection between the simultaneous 

of ‘‘ food and 
perhaps, clearest if we take 
into account what 
whale (Balaenoptera whieh 
lives minute (the 
copepods), especially Calanus finmarchi- 


whose stomachs are one mass of krill. 
appearance animals’’ 
whales is, 
we know of the sei 
bore alis ), 
erustacea 


on very 


THE STORY ¢ 


the 


’ Y 7 ’ 
FF WHALING 
cus. A curve represents the efflorescence 
and subsequent diminution of these small 
crustacea, in close correspondence with 
the appearance and disappearance of the 


sei whale. The correspondence shows 
similar regularity on all the coastal banks 
of the Norwegian Sea the North 
Atlantic. It has been found to exist on 
the slope of the North Sea, the slopes of 


the Shetlands and Faroe Islands, and off 


and 


Iceland and Greenland. 

This means that the whale must some 
how manage to be always in the right 
place at the right time. How the whales 
know their away about in the ocean, and 
how, for instance, they find the slopes of 
the coastal banks where the krill spawn, 
is a mystery too deep for mortal man 
All that our researches reveal is the con 
nection between the behavior of the ani 


mals which serve as food and the arrival! 


and departure of the whales. We can 
understand, however, how important it 
must be for the whales to be able to 


At one time 
the waters of the Norwegian Sea will be 
richest off Iceland; at 
the slope of the North Sea bank; or off 


at mid 


migrate immense distances. 


another time on 
the Norwegian coastal banks; or 
the 


and 


between 
The sei 


whale, which lives mainly on red cope 


summer—in Barentz Sea 


Finmark Spitzbergen 


pods, must be on the spot wherever the 
The 

whale makes for the spawning shoals of 

the 


spawning swarms of krill on the banks 


‘*harvest’’ is at its height finner 


spring-herring in winter, and for 
Thirty years ago harpoons 
off the 


Finmark were traced to the whaling in 


in summer. 
found in whales caught coast of 
dustry off the northeast coast of America 
the 


covered by the whales, their migrations 


Great, however, as are distances 
are none the less subject to definite laws 
and limitations. In these laws and limi 
tations we see again a close connection 
between the natural conditions and the 
animals’ lives 

No whalebone whale could survive in 


those immense vasts of the world ocean 
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STOMACH CONTENT OF 
STOMACH OF THE FIN WHALE CONTAINING HERRINGS. 


I pper: 


WHALES 


Lower: STOMACH OF A WHALI 


CONTAINING KRILL, 


where uniform tropical temperatures pre- 
vail all the year round. And the reason 
is evident at once, if we tow a net in such 
seas. The forms of animal life which 
furnish the nutriment of a whalebone 
whale are only present in very seapty 
numbers in the clear, transparent blue 


water of the ocean. It is only in the far 


north or in the highest southern latitudes, 
that is, in the parts of the sea which form 
a transition from the warm to the polar 
regions, that such a profusion of life 
develops in the water during the sum- 
mer. At the present time the science 
known as general biological oceanogra- 
phy is making strenuous efforts to lay 
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bare the causes of this complex distribu- 
tion of the riches of the ocean in so many 
different parts of it. The key to the 
riddle has now been found, and the in- 
vestigators are now busily engaged in 
demonstrating all the details of the solu- 
Only in those parts of the sea 
fluctuations of the 


tion. 
where the seasons 
play a decisive role do substances, similar 
in chemical composition to the manure 
used in agriculture, rise from the depths 
to the surface. These stores of nutriment 
from the depths are responsible for the 
enormous growth in spring, when the sun 
returns after the long winter. Biolog’- 
cally, the chief interest naturally attaches 
to one characteristic feature of the econ- 
omy of the ocean. This is the fundamen- 
tal fact that the same natural conditions 
with the same rich supplies of nutriment 
for the development of life recur an 
nually in the transitional layers border- 
ing on the polar seas in the south and 
both 


separated though they are by the insur 


north; and moreover that areas, 
mountable barrier of the tropical seas, 
foster the same or very closely related 
organisms, from plants of the simplest 
structure to the highly developed and 
complex whales. 

In the arctic boreal zone, then, the 
whalebone whales migrate northward as 
the spring advances, from the Atlantic 
Ocean to the coastal waters of Norway, 
the Barentz Sea and Spitzbergen. In 
the antarctic summer there is a migra- 
tion of whalebone whales towards the 
edge of the ice in the south, moving from 
50 to 60 and thence to 70 degrees of 
latitude as the summer ad- 
After that there is a movement 
in the opposite direction, towards Aus- 
tralia, Africa or South 
autumn and winter set in the southern 
hemisphere. 

A marked feature of the life of the 
whalebone whales is, therefore, the alter- 
nation of superfluity and famine, of the 
richest fare and lengthy periods of star- 
vation. In these circumstances their life 


southern 


vances. 


America when 
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has been preserved by evolving a capacity 


to store nourishment, 7.¢., whale oil, in 


their bodies. This reserve of nutriment 
is kept in the muscles, bones and layers 
of blubber under the skin. The stock is 
laid in in times of plenty, when the layer 
of blubber swells to many times its former 
size; later, in the days of famine, it 
shrinks until, in many places, it is onl) 
one inch thick. These reserves give the 


whales the energy and stamina whicl 
enable them to undertake their enormous 
migrations ; and the layer of blubber also 
makes it possible for these warm-blooded 
water, 


This 
layer of blubber protects the animal tron 


animals to stay about the ice in 


which is often below 1° Centigrade 


loss of energy and heat and gives it the 
necessary strength for its strenuous exer 
tions. 


Yet a third great group ol 


supplies it} 


the ocean has been discovered by the 
In all the larger oceanic areas 
the Atlantic, Pacific and Indian Oceans 


we encounter large herds of 


whales. 


Lime ise 
whales which have found out how to live 
even in the transparent ocean waters of 
the tropics. They have, in fact, disco 

ered something which was unknown unt! 
the great oceanographic expeditions of 
recent vears, namely, that the world 
ocean has a laver several hundred fat! 
surface, inhabited by 


Ooms below the 


abundant life. Here one can catch, wit! 
a trawl or a large net, quantities of big 
shrimps and small fish which in turn sus 
tain an animal population of huge cut 
tlefish, 


squid with a body which may be as much 


including the so-called giant 
as ten meters in length and arms up to 
six meters long. To capture these organ 
isms nature has created a special kind of 
whale, the cachalot or sperm whale, and 
its relative the bottlenose. These whales 
are able to dive to great depths—several 
hundred fathoms 


tlefish in their vast mouths. 


and seize the big cut 
The great 
heads of the cachalots are often covered 
with sores and marks of the suckers of 


the giant squid, tangible evidence of 
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Wurray and Hiort 
SKIN OF A SPERM WHALE 
WITH MARKS FROM A STRUGGLE WITH A GIANT 


SQUID. 


battles between the two largest forms of 
Such fights 
are everyday occurrences in the depths 


animal life existing to-day. 


of the sea. 


2) Tue History or WHALING 
I have dwelt so long with these elemen- 
tary and important biological facts, be- 
cause they seem to me as indispensable 
for the understanding of the material 
conditions of whaling. 
From the knowledge that every species 





Frank Ballens 
A SPERM WHALE CATCHING A 
GIANT SQUID. 


of whale is dependent on certain specific 
**food-animals’’ and from the distribu- 
tion of these food-animals in different 
parts of the ocean we understand that 
the word ‘‘whaling’’ 
number of different industries. 


must cover quite a 


From the interesting history of these 
whaling industries we may mention three 
main and all of them very important 
groups: the catch of the right whales, of 
the cachalot or sperm whales and last 
the modern catch of fin whales. 

(A) In the northern hemisphere there 
are or have been two very important 
species of right whales: the Biscay whale 
or Nordeaper (Balaena glacialis) and 


the Greenland whale (Balaena mysti- 


cetus). These two species supplemented 


each other, in so far as the northern 





(; i. Saree 
THE ANTARCTIC KRILL, EUPHAUSIA 
SUPERBA. 


limit of distribution of the Biscay whale 
corresponded with the southern limit of 
the Greenland whale. The latter was a 
species, the former may 


Perhaps did 


really ‘‘aretie’’ 
be called a boreal species. 
their area of distribution coincide with 
different food-animals (species of krill, 
the arctic Thysanoessa and the boreal 
Meganyctiphanes). In the Antarctic 
Sea there is only one right whale (Bal- 
aena australis) which seems to corre- 
spond very closely, in its form and boreal 
distribution, to the Biscay whale. 

The history of whaling as a big indus- 
try and as a real exploitation of the life 
of the high seas had its origin as early as 
the eleventh century with the catch of 
the Biscay whale in the Gulf of Biscay, 
where there lived, even in these early 
times, a relatively dense population and 
where daring fishermen made the great 
discovery that it was not so dangerous 
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after all to attack the large right whales 
swarming in the bay, even from small and 
primitive boats. 

Since this modest beginning the Nord- 
caper has been hunted over the great area 
from the Bay of Biscay to north of Nor- 
way and from Newfoundland to the 
coast and bays of New England, where 
there in Cape Cod Bay in one day (1700 
were killed 29 whales. 

But as early as about the year 1600 the 
pursuit of the Greenland whale over- 
shadowed the catch of the Biscay whale 
in the North Atlantic. It started in the 
bays of Spitzbergen, transplanted itself 
along the border of the ice over Jan 
Mayen to Denmark and Davis Straits and 
a hundred vears ago to the Pacific, where 
both the right 
whales played a great réle in the whaling 


important species of 
of these waters. 

In the Antarctic there is no species 
related to the Greenland whale, but the 
so-called southern right whale (Balaena 
australis) may be considered as identical 
or very nearly allied to the Biscay whale. 
Like this one it has a ‘‘boreal’’ distribu- 
tion. Great fleets pursued it a hundred 
years ago off the south sea islands, Aus- 
tralia, Tasmania, Kerguelen, the Crozet, 
St. Paul and Amsterdam. 

(B) Sperm whaling appears to have 
commenced on the New England coast 
about 1712 and spread rapidly all over 
the tropical and subtropical parts of the 
Atlantic. About 1790 the first sperm- 
hunter sailed round Cape Horn into the 
Pacific. From this time sperm-whaling 
belonged to all the great oceans. The 
industry reached its height in 1837. The 
American fleet consisted in 1846 of no 
less than 729 ships, all whalers, the 
majority doing sperm-whaling. To Dr. 
Townsend, of New York, we owe the most 
valuable and brilliant charts of the fields 
of operation of this fleet. The study of 
these charts may lead to the most impor- 
tant discoveries concerning the wealth of 
the oceans and the migrations of whales. 

(C) Both of these modes of hunting 
were done in sailing vessels. In their 
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open rowing boats the intrepid whalers 
assailed their vast antagonists with small 
spears and harpoons. The whale was 
flensed alongside of the ship, and the 
blubber usually stored on board until it 
could be dealt with on land. The rest 
of the carcass was returned to the sea 
This technique could not be emplove 1 in 
intelligent 


hunting the swift, shy and 


finner whales. As long as sailing vessels 
and rowing boats represented the tech 
nique of their human enemies on the high 
seas, the stock of finner whales enjoyed a 
perpeti al close season. 

The invention by Svend Foyn of the 
technique of steamships, guns and explo 
sive shells meant an entirely new depar 
The catch of the fin 


whales by means of this technique had a 


ture in whaling. 


very similar course as that of the right 
whale and sperm whale industries. The 


whalers moved from one ground to an 


other: from Finmark to Iceland, the 
Faroe Islands, Lreland, Newfoundland 
the coast of Spain and Portugal, in fact 
all over the boreal area of the Nort! 


Atlantie. 

Finally 
North Atlantic area to the 
tic, where 


they had to move from the 
South Atlai 
nature provides the san 
food and thi 


The histor 


whales, the same animal 
same conditions of the sea 
of all the three main groups of whali 

teaches us, therefore, the same course of 


events: a rapid expansion in a rrom 
starting point to the whole area of cis 
tribution of the species and then a rathe 
rapid decline or cessation of the specifix 
whaling activities. 


We will now confine our attention 


; 


? 


the general conclusions which seem 
follow from the study of these importa 1 
events and more especially consider the 
last form of whaling, the catch of fin 
whales. because we in this case are 


possession of better and more reliable 


statistics. 


4+) CONCLUSIONS 
W hat 


is the explanation of the general geo 


In the first place we must ask 
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Dakin 


CATCH OF THE RIGHT WHALE FROM OPEN BOATS 
‘*THE FINAL FLURRY’’ FROM THE ORIGINAL PAINTING BY O. W. BRIERLY, IN THE NATIONAL ART 


GALLERY. 


graphical expansion so characteristic in 
all the different industries? Nowhere has 
whaling succeeded in establishing a per- 
manent equilibrium or a stable industry 
in a given definite area. To begin with, 
there has in all cases been a rapid increase 
until a turning-point was reached, after 
which there always was an equally rapid 
decrease ending in a complete stoppage. 
An indication that this development is 
taking place is the transfer of whaling 
expeditions from one whaling ground to 
another. That this transfer is not to be 
considered as an emigration of the whales 
from one area to another seems perfectly 
clear, if we consider not only the total 
number of whales caught in a given area, 
but also the number of whales per 
catcher. The statistics from the catches 
of fin whales off the coasts of Spain and 
Portugal illustrates the fact that the 
number of whales per boat reached its 
maximum several vears before the total 
eatch did so. In other words, the con- 
tinued rise in the total number was only 
rendered possible by the use of increased 


material, 7.¢.,a larger number of catchers, 


SYDNEY. 


with the result that the comparatively 
limited stock perished within a few years 
This is, therefore, the general explanation 
of the main characteristics in the history 
of all the different whaling industries 
The efficiency and the magnitude of wha! 
ing operations must not be indefinitel) 
increased but kept at a level correspond 
ine to the reproductive abilities of the 
stock of whales, if whaling shall ever be 
made a lasting human activity. Because 
the stock of whales, 7.¢., its number of 
individuals can never be known, the 
eatch, the average catch of the individual 
unit will have to be considered as the 
most sensitive barometer of the status of 
the industry. 

From this point of view the Norwegian 
whalers themselves very early in the his- 
tory of the Antarctic whaling decided to 
organize a detailed collection of statisties. 
Great credit is due to Mr. Sigurd Risting, 
secretary to the Whalers’ Association for 
a long period of years, for the establish- 
ment of this statistical work. At a later 
date the government’s administration 
(Hvalradet) succeeded in extending this 
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work to a statistical service built on day- 
books from all the expeditions whaling 
in the Antarctic. This organization has 
had much assistance from the Discovery 
committee and the valuable work by the 
Discovery expedition under the leader- 
ship of Dr. Stanley Kemp. It 
fore now possible to ascertain all the 
facts from the 

Date and locality of 
capture, species, sex, length, is reported 
Information 


is there- 


most important great 


antarctic whaling. 


for each individual whale. 
concerning the reproduction of the stock 
and the vield of the industrial produe- 
tion is also available in each individual 
enterprise. 

The analysis of this large material, 
which for every season is published in our 
reports, will in future form the basis of 
the history of this industry, and at the 
same time give valuable information for 
the understanding of the general problem 
of the fate of all kinds of human enter- 
prise, which is limited by definite magni- 
tude of wealth in nature. Time permits 
me no more than the shortest review of 
the most important historical events. 

The modern antarctic whaling started 
at the Island called South Georgia, in the 
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1904-1905. The catch consisted 


then almost entirely of 


season 


the humpback 


whales Wegaptera boops one of the 
smaller fin whales, which very readily 
lent itself to be caught by the compara 


tively primitive technique of those day 
This species was then represented by 


‘Vou couldn ’t 


an excited gunne! 


enormous herds. HLISS 


4 
said to 


one of them,”’ 
me in those days. The species supported 
the catch most liberally for a number of 
but 1912-13 this stock had 
obviously been depleted to such an extent 


that 


years, after 


the whalers had to make a change 


and start catching fin and blue whales 
as well. This whaling indicated very 
remarkable fluctuations in the appear 


ance of the two species, which unques 
tionably live under dissimilar conditions 
the fin being a boreal, the blue whale a 
The 


realized this many years ago 


arctic species whalers themselves 


Thus they 


spoke of ‘‘fin whale vears”’ and ‘blue 


whale vears,”’ and correlated these alter 


nations with the ice-conditions off th 
island. 

In order to understand the furth 
development we must bear in mind the 


enormous advance that has been made i 


ae, 


—" 


— 


WHALING IN THE FJORDS OF SPITZBERGEN 
FROM AN OLD DUTCH PAINTING. 
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the technical equipment of whaling 


ships. The earliest expeditions to the 
Antarctic were planned on the same lines, 
technically speaking, as those operating 
in the aretic seas. During the first quar- 


ter of the century this technique pre- 





structed until they now are equal to great 
transatlantic liners (over 20,000 or even 
30,000 tons) in order to deal with the 
carcasses of the whales in the most prac- 
tical way. The whale is now hauled up 
through a large opening on to the deck, 


A MODERN CATCHER. 


vailed in connection with the land sta- 
tions in the South Georgia and South 
Shetland Islands. 
sion of whaling followed upon the tech- 
nical inventions which led to the building 
ever- 


An enormous expan- 


of floating factories. Ships of 


increasing size were constructed or recon- 


where a complicated mechanism of 
winches, saws and cranes quickly cuts it 
up into pieces to be boiled in large boilers 
of various types. 

These technical improvements ushered 
in a new epoch of modern ‘‘pelagic’’ 


whaling which, like the old right whale 
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and sperm whale industries, operates on 
the high seas independently of any base 
on land. 
has spread over the whole Atlantic and 
part of the Pacific Antarctic Seas. For 
a series of years our statistical data have 
that 
has taken place along the edge of the 


In this way antarctic whaling 


demonstrated the whaling always 
steadily receding ice, until at the end of 
the season, it almost reaches the antarctic 
continent. Everywhere the whales feed 
upon the same species of 
krill, the Euphausia superba. During 
the 36 vears from 1886-1904 all the land 
of Finmark caught 17,746 


whales, an average of nearly 500 a year; 


exclusively 


stations 


in the Antarctic, where the area covered 
is immensely wider, the number caught 
in the season 1930-1931 being more than 
double the total for the whole period of 
thirty-six years in Finmark. 

For the last thirty vears the antarctic 
whaling has played a great role in the 
life of the population of the southeastern 
part of Norway, and it is therefore easy 
to understand that these two questions 
are being asked and discussed : How long 
is the whaling going to last and how can 
we make it last? 

We 
slogan: trust 


the old 
in the general economical 


meet in this discussion 


principles and in the principle of ration- 
alization! These principles are certainly 
and very actively at work. The result of 
this is that at least 50 per cent. more oil 
is obtained from each whale than 
the 


been spent by the whalers themselves on 


was 


done in past. Much capital has 
experiments on new machinery for con- 
verting the flesh and bones into guano or 
But it 


obvious that these praiseworthy efforts 


into food for man and beast. is 
are not enough in themselves to establish 
an equilibrium between the whaling in- 
dustry and the animal renewal of the 
stock, and nothing but an equilibrium 
will render possible the continued exploi- 
tation of the wealth of the seas or prevent 
a recurrence of the periodic increase in 
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whaling activities, sueceeded by a de 
crease and final stoppage. The more 
valuable the single whale becomes, the 
further the extermination of the stock 
likely to proceed The fate ol the (,ree} 
land whale, which rose to such a valu 
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THE MODERN FLOATING PF: 
IN THE HARBOR 


that one single individual was enough to 
pay all the expenses of an expedition, is 
a very striking proof of the thesis that 
the perfecting of methods of capture and 
preparation affords no solution of the 
problem of the continuance of whaling. 
On the contrary, it leads straight to the 
extirpation of the stock. 

Whaling is—in other words—a new 
and extremely illustrative example of the 
fact that rationalization is no way to 
avoid the great Malthusian problem of 
overpopulation—human activity being 
ruined by its own growth, by the forces 
that check development and progress, the 
forces that obey what Malthus termed 
‘‘the restrictive law of population.’’ 
Seen in wider perspective, these events 
in the whaling industry naturally suggest 
comparisons with the extensive structure 
of observations and thought built up 
during the last few decades with a view 
to a better understanding of the growth 
of populations under different conditions 
of life. If we compare on the one side 
the two curves for a growing whaling 
industry and the catch per boat, on the 
other side the growth of a colony of bac- 
teria and its rate of growth, we under- 
stand that the expansive development, 
which we sometimes name rationalization, 
sometimes competition, may further the 


ACTORY 8. 8. ‘‘ VIKINGEN’’ 


OF S&S. GEORGIA, 


rate of growth or standard of life of the 
individual up to a point, from which 
onwards an increase of the active popu- 
lation destroys the industry and lowers 
the individual standard of life. Ration 
alization and competition are ideals 
which are conceived in a time of expan 
sion, but they become irrational and de 
structive to the welfare of the population 
if the harmony or correlation between the 
wealth of nature and the activities of 
man are forgotten or lost out of sight 
The Norwegian whalers or in any case 
some of them have been willing to accept 
these points of view. In 1926, when the 
great expansion of the pelagic whaling 
started, a committee proposed that the 
Norwegian government by law should 
forbid any expansion, any new expedi 
tion which had not obtained the permis- 
sion of the government to go whaling in 
the Antarctic, on the condition that such 
an action would meet with an interna- 
tional support. In 1927 at a great 
conference summoned by the French 
government to Paris this proposal was 
tentatively advanced by me as well as 
by a British representative, but we met 
with a most emphatical refusal from the 
side of delegates of several countries. 
Nevertheless, the Norwegian whalers 
have for a series of years in coéperation 
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with the administration tried to establish 
a constant equilibrium in the catch, and 
the catch has in this way been kept prac- 
tically constant at a quantity of some 2. 4 
million barrels a year from the year 
1932-1933 
which this 
partly been voluntary production agree 


until now. The means by 


result was obtained have 
ments or quotas allotted to each expedi- 
tion, partly a time-limitation of the whal- 
ing season, for the last season to three 
and a half months. 

The statistics show that the catch under 
these conditions has been able to main- 
tain a paying industry if not at a stand- 
ard of life so high as it was some years 


igo, The statistics show signs of a 
lecrease of the stock of blue whales, the 
most valuable species, and that the pro- 
duction has only been maintained by an 
nereased catch of the other, previously 


eglected species, the fin whale. 
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The future is therefore certainly full 
of anxieties. And these anxieties are of 
the kind which we all know from other 
expanding international industries. No 
legislation by the Norwegian govern 
ment, no self-restriction on the part of 
the Norwegian whalers can maintain an 
equilibrium of an industry which assumes 
an international character. 

In all industries there seem to have 
been two different periods of 


cie\ elop 


ment. In the beginning the new idea of 


division of labor creates a lone series of 
discoveries, inventions, all taking the 
form of an increasing number of plans 
of division of labor. Later on the origi 
nal idea seems to lose its fertility. The 
increase of the number of people taking 
part of the work is then mostly due to 
imitation and the application ot power o1 
force of conquering the other Man s place 


in the sun Competition takes at that 
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WORK ON DECK OF A FLOATING FACTORY. 
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CATCH OF WHALES IN THE ANTARCTI 
AN EXAMPLE FROM OUR STATISTICS. 


stage the form of nationalism, of barriers 
or national monopoly at the home market 
while at the same time demanding the 
retaining of advantages which a liberal 
world had created. 

This has been the fate of Europe, of 
the old civilized world which onee had 
entered into an international division of 
labor and tended towards a great com 
mon community but now seems to dis 
solve itself into a system of antagonistic 
Very 


these circumstances be entertained of an 


autarchies. little hope can under 
international equilibrium of any industry 
on the free seas, where no organization 
can be created for an optimum popula 
tion and an optimum catch. 

We must therefore expect either that 
the industry will establish an equilibrium 
at a low level determined by the minimum 


standard of life for the whalers, or that 
there will be fluctuating periods of suc- 
cessful and unsuccessful whaling corre- 
sponding to a slow and incomplete reco\ 
ery of the stock, similar to what has been 
seen both in the stock of right whales and 
of fin whales in areas where the popula 
tion of whales once were abundant and 
the industry flourishing 

Is this prospect a parable of the mod 
ern international civilization or will ever 
an idea be discovered not only for the 
individual but also for an international 
division of labor? 

The fate of the warnings of biology 
may in our days remind us of that of 
Cassandra in the Greek tragedy. But the 
story of past events in the living world 
may in days to come act its part in the 


conscious life of society. 
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CHIMU ARCHEOLOGY 


THE ARCHEOLOGY OF THE NORTH COAST OF PERU 


By Dr. WENDELL C. BENNETT 


ASSISTANT CURATOR OF 


Ir was only a hundred years before the 
coming of the Spaniards that the Incas 
were sufficiently consolidated and power- 
ful to attack the kingdom of the Chimus 
on the north coast of Peru. Under the 
Pachaecutec, 40,000 highland 
liers and auxiliaries from the coast were 


Inea, sol- 


issembled for the conquest. Even so, 
cording to Philip A. Means, the sub 
the the 
esult of fatalistic foresight on the part 


f their councilors than fear of a superior 


ission of Chimus was more 


ree of arms. The Chimus themselves 
id built up a vast empire covering the 
rth coast of Peru from Paramonga to 
‘iura. The great expansion occurred 
ring the late period of the Chimu 
vilizations, known archeologically as 

Late Chimu. 
receded the Late Chimu on the north 


‘eru coast, which were intensively devel- 


Several civilizations 


ped in their own sections, although more 
mited in territorial distribution. 
Geographically, the north coast archeo- 
vical region extends for over four hun- 
red miles along the coast and includes 
velve important valleys. From 
to north are Huarmey, 
Nepena, Santa, Viru, Moche, Chicama, 
Jequetepeque, Sana, Lambayeque, Piura 
ind Chira. 
alleys are larger and better supplied 
with water. However, only in the Piura 
and Chira valleys is agriculture able to 
depend on direct rainfall, while in the 
other valleys irrigation is required. The 
cultivation problem in most of the val- 
leys is not one of searcity of land, but 
water supply. Although the rivers of 
seven of the above-named valleys origi- 
nate in the continental watershed, the 


south 


these Casma. 


In general, the northernmost 
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In the 


mountain rainy season, which lasts from 


supply of water is not constant 


January to April, the rivers are apt to 


be torrential, while during the rest of 
the year the streams may dry up com 
pletely. Between river valleys, and in 


parts of the unirrigated sections of the 


valleys themselves, desert conditions pre 
She 


vail. A rough average of 25 to 30 miles 


of desert separates each valley Irom ts 
neighbor, and the greatest single stretch 
of about 100 miles is the desert of Se 
chura, between Lambayeque and Piura 
the 


desert and mountain, the coastal 


Compared with vast stretches of 


valleys 
are mere ribbon strips. One is particu 
this in flying along 


When the trip from valley to 


larly impressed by 


the coast. 
valley is made by ear, one has a real 
desert 


the 


appreciation of the inter-valley 


areas as factors of isolation In 
northern part of Peru the Andes are not 
far from the Pacific Coast and spurs and 
Only in 


flood 


plain of sufficient width to support in 


foothills reach the ocean itsel! 
the lower part of a valley is the 
tensive agriculture. The upper part of 


the valley passes through narrow gorges 


which leave only small pockets of flat 
land for agriculture. The country sur 
rounding the valleys is rugged. The 


coastal valleys are not only separated by 
desert stretches but by mountain ridges 
as well. 

This brief sketch of the topography is 
the 
archeology the 
fact that most of the Peruvian valleys 


necessary for an understanding of 


One is impressed by 


present little enticement to a people with- 
out both agriculture and a knowledge of 


irrigation. Fishing groups could live 
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along the coast, but fishing peoples sel- 
dom develop high civilizations. Only in 
the northernmost valleys, Lambayeque, 
Piura and Chira, where the river flow is 
more permanent, the flood plains wider 
and direct rainfall more frequent, might 
the situation be different. In that sec- 
tion, Equator, 
sufficient forestation and animal life may 


relatively close to the 


have existed to attract and support a 
hunting people, or at least agriculturists 
with or without knowledge of irrigation. 
I mention this contrast between the far 
north and the rest of the coast in antici- 
analysis 


pation of the archeological 


which presents some disturbing prob- 
lems. 
PRE-CIVILIZATION PERIOD 


Archeological work has so far pre- 
sented practically no information about 
the first 


Remains of relatively primitive fishing 


inhabitants of the north coast. 


populations have been found at Ancon 
and Supe, just south of this area. How- 


ever, in spite of the primitive nature of 





some of this material, there is no proof 
that it is really older than the remains 
of some of the higher civilizations of the 
coast. Fishing hamlets still exist along 
most of the Peruvian coast, and the life 
of the fisher is a hard one. 
easily be confused with primitiveness be- 


Poverty may 


cause a poor community might leave few 
remains for the archeologist. To my 
knowledge, nothing has been found of 
great antiquity which is undisputed. No 
fossil man, no associations with extinct 
fauna, no artifact deposits in old geologi- 
cal strata and, for that matter, no ac- 
cumulated refuse deposits of great strati- 
graphic depth have been reported and 
confirmed. In other words, evidence 
either of the development of civilization, 
or of primitive stages, has not been found 
on the north coast of Peru up to this 
The 


coast at present is the Early Chimu. To 


time. oldest civilization on this 


speak of this as the ‘‘dawn’’ would be 
erroneous. Rather, we that 
the full sun of the Early Chimu suddenly 


might say 











EARLY CHIMU PYRAMID 
OF ADOBES ON PILED STONE FOUNDATION AT EL CASTILLO IN VIRI 
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DETAIL OF THE EARLY CHIMU FRESCO 
AT THE MOON TEMPLE, MOCHE, AFTER A WATER-COLOR REPRODUCTIO? 


me on this north coast. Far from 
Early Chimu or 


iwhie civilization is one of the most 


ng primitive, the 


lvaneed in Peru. 


EarLty Cuimu Periop 
Geographically, the Early Chimu civil- 
ation is centered in the Chicama, Moche 
id Viru valleys. Extensions are found 
un Jequetepeque Valley to the north, in 
Santa and perhaps Nepena to the south, 
Further 
dubious, 


ut with less concentration. 
along the coast is 
iltthough certain 
ound in the northern highland region, 
especially in the Callejon de Huaylas. 
Means dates the Early Chimu as some- 
to about 500 a.p. and other 


xtension 


similarities may be 


thing B.c. 
authors have more or less accepted this 
In any case, the Early Chimu 
can be isolated stratigraphically and 
typologically as older than other north 
coast civilizations. 

Many large pyramids are attributed to 


dating. 








the Early Chimu period. They are iden 


tified at some sites (such as El Brujo in 
Chicama Valley) by their stratigraphic 


sition under secondary buildings of 
| } 


later periods. At other sites the ara 
besques and mural paintings on the walls 
are Early Chimu in style, and associated 
artifacts are likewise consistent The 
pyramids are built of adobes, conven 
tionally rectangular in shape and mold 
made. Adobes of other shapes are also 
associated with Early Chimu and suggest 
a possible sequence of types. I have seen 


adobes of rectangular shape superim 


posed on hemispherical and on conical 
shapes. The pyramids themselves are 


usually high, rectangular, step-sided 
piles of adobes, and represent some of 
the largest single structures on the north 
coast of Peru. 

The Pyramids of the Sun and of the 
Moon at Moche are typical of the Early 
Chimu structures. Squier gives the mea- 


surements of the Sun pyramid as 800 
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EARLY CHIMU GRAVE IN CHICAMA VALLEY 


SHOWING THE NICHES IN THE WALLS OF THE TOMB. 


feet in length, 470 feet in width and 
about 200 feet in height. It is formed of 
a great central core of solid adobes with 
facing layers of adobes around it, form 
ing seven to nine steps. It is an imposing 
structure, commanding a view of the 
Moche valley flats. Behind the Sun 
temple part way up a hill is the Moon 
temple, also of solid adobes. Painted 
walls at the Moon temple represent 
scenes of mythical figures in black, white, 
red, vellow, light blue, pink and brown. 
The cemeteries which surround the tem- 
ples have furnished great quantities of 
Karly Chimu pottery. Early Chimu 
cemeteries are also found without pyra- 
mid associations. Burials are usually in 
extended positions, in prepared tombs. 
The rectangular, adobe-lined and covered 
tombs have niches in their walls in which 
bowls were placed. 


The Early Chimu pottery is character- 





ized by realistic modeling and painted 
EARLY CHIMU PORTRAIT scenes. Jars in the form of modeled 
rroM VirU VALLEY. heads are so excellently made that they 
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VESSELS DECORATED WITH ‘‘NEGATIVE’’ 
MIDDLE CHIMU WHISTLING JAR, AND OWL JAR FROM VIRU VALLEY 


reasonably called ‘‘portrait jars.’’ 





‘ther jars are modeled to represent 

uuses and temples. Small square 
ouses with peaked roofs are typical, 

hich seems strange for a region which 
‘xperiences direct rain in any quantity 
about once in every thirty-five vears. In 
the painted scenes are represented deer 
unting, battles, fishing, dancing, wea, 

ig and many other aspects of life. In 
fact, a eareful analysis of the pottery 
lesigns is in reality an ethnography of 
the Early Chimu peoples. 

The archeologist is tempted to diverge 
nto the field of art in his study of the 
Early Chimu pottery. As an artistic 
achievement the ceramics of the Early 
Chimu period are outstanding in Peru 
and, for that matter, in America. How- 
ever, from the point of view of the chron- 





ology of north coast civilizations, the 











varied ceramic designs of the Early 
Chimu period must be treated as a unit. EARLY CHIMU FIGURE JA 
In spite of tremendous collections of this WITH STIRRUP-SPoUT, V1 \ 
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material in museums there is a dearth 
of documentary evidence on excavation. 
The collections made by Dr. Max Uhle at 
Moche and now in the University of Cali- 
fornia are exceptions. Still, they do not 
furnish the basis for subdivisions of the 
Early Chimu period. The range of style 


and the change of form suggest that 
phases, at least, of Early Chimu will one 
day be isolated, but, as vet, no significant 
work has been published and so the mate 
rial is still a large, but none the less, 


single unit. 


modeled face on the collar and a tube 


spout bow! with a round are handle. 


MippLe Cum 


Between the Early Chimu with its 
realistically decorated pottery and the 
late Chimu, which persisted into Inca 
times, a gap was recognized by most ex 
ecavators or collectors even before the 
intermediate stages had been discovered. 
The contrasts between the two periods 
are great, in spite of certain basic simi- 


larities. In other words, it appears that 

















MIDDLE CHIMU JARS FROM VIRU VALLEY. 


THE STIRRUP-SPOUT IS EVID! 


Typical colors of the Early Chimu pot- 
tery are red and white, which is quite a 
contrast to the array of colors used on the 
wall painting at the Moon temple. <A 
so-called stirrup-spout, composed of two 
tubes which form an arch and meet in a 
single tube, is characteristic and is found 
on modeled heads, figures, animals, birds, 
reptiles, fruits, vegetables and painted 
Other type 
shapes are a flaring-sided bowl like a 
flower pot, a conical-handled dipper, ¢ 
with or without a 


containers of various forms. 


high ecollar bow! 


NCE OF EARLY CHIMU INF! 


the Early Chimu civilization went into a 
period of decline or was supplanted for 
a time by foreign invaders. The typical 
Early Chimu disappeared, never to re- 
emerge in the same form, although the 
influence of its art and certain of its 
pottery shapes survived to form part of 
the Late Chimu. 
from the south of Peru is undeniable in 
the Late Chimu pottery, which augments 
the idea of invasion with or without the 
Early Chimu 


Ey idence of influence 


accompanying decline of 
itself. 
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VESSELS OF THE MIDDLE CHIMU PERIOD FROM VIRU VALLEY 


LEFT: A DOUBLE-JAR WITH ‘*‘ NEGATIVE’’ D 


my excavations during the first 
months of 1936 in Viru Valley | 


ked for some time at a site on Carmelo 
‘ienda. Here, in the pyramids of the 


nazo group, I found a new type of 


tery which showed some influence ot 


y Chimu, had many distinctive char- 


teristics and was definitely not Late 


imu. In other words, the site, a unit 


itself, represents an intermediate 


~ 


IGN. RIGHT: A FA 
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period or a Middle 


Ul 


imu 


dium-sized pyramids are rough) 
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vated Near one 
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MIDDLE CHIMU DIPPER DECORATED IN 


REPRESENTING A CARRY-OVER SHAPE FROM THE 





‘“*‘NEGATIVE”’ 
EARLY CHIMU PERIOD FROM 
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flexed and some in an extended position. 
The adobe building the 
pyramids are about the same size and 


bricks used in 
shape as the Early Chimu, but their 
edges are marked with the impressions 
of a reed mold. 

The pottery is 
Chimu, but still shows its 


to the Early 


influence. <A 


inferior 


modeled figure bowl with stirrup-spout 


is represented as well as other vessels 


with stirrup-spouts. A conical-handled 


dipper, a high collar jar with modeled 

















BLACKWARE, 


STIRRUP-SPOUT VESSEL OF ‘‘CHAVIN’’ TYPE IN 


THE NATIONAL MUSEUM OF LIMA. 


and various other 
related to the Early 


In addition are elobular bowls 


face on the collar 
shapes are clearly 

Chimu. 
with lugs attached which represent bird 
heads, wings and tails; bowls with coni- 
cal spouts connected by round bridges to 
double bowls with 


modeled bird heads; 


figures ; others 


. 
Karly 


and various 
are found in the 
Of more importance is the fact 


modeled 
which never 


Chimu. 


that the typical red and white colors of 
the Early Chimu are not used on this pot- 
Although not 
painted at all, others are decorated with 


tery. many bowls are 


‘‘negative’’ design. In ‘‘negative’’ 
painting a design is applied to the bowl 
in Wax or some other dye or paint-resist- 
Then the 


dipped in black coloring. 


whole bow! iS 
When it is 


fired the wax runs off, leaving a design 


ing material. 


in the base clay color on a black back 
grround. 

The presence of negative design as a 
this 


another 


Ssugvests 
the 
highland part of the Santa Valley is the 


characteristic of pottery 


contact with region. In 


Callejon de Huaylas. The remains from 


that section are distinct from the coast 
Negative painting is charac- 
the 


Shapes similar to some of those 


materials. 


teristic, particularly at site of 
Recuay 
which I found in the Middle Chimu site 
in Viru Valley this 


In other words, the Viru site 


oceur in highland 
pottery. 
seems to represent a migration, or at least 
a strong influence, from the Recuay-type 
civilization. This, mixed with a decadent 
Early Chimu, would account for most of 
the the 


might well be attributed to local develop 


Viru site material, and residue 
ment, since the four pyramids and the 
numerous dwelling sites indicate that it 
was well established there. 

The distribution of this Middle Chimu 
civilization is not accurately known, and, 
to my knowledge, the Viru site represents 
its first isolation. If ‘‘negative’’ de 
signed pieces be considered as typifying 
may that they have been 
Santa, Viru, Moche and Chi 


cama, or more or less over all the Early 


it, we note 


found in 


Chimu region. 

In the highlands, in the general region 
of the Callejon de Huaylas, is the famed 
site of Chavin de Huantar, noted for its 
On the coast of 
Valley, 


blackware 


amazing stone carving. 
Peru, principally in 

have found 
bowls with thick stirrup-spouts which are 


Chicama 


been polished 


decorated with incised designs compar- 
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” LAMBAYEQUE VALLEY POTTERY. 

le Lert: INCA POTTERY. RIGHT: ‘‘CURSIVE’’ STYLE VESSI 

m 

st & ble to the stone carved designs of Chimu are known from the work of other 
- &F havin. Their position in relation to archeologists. At Pachacamac and other 
f F e Early Chimu is still questionable, sites on the central coast of Peru, around 
ef (| many consider them as belonging to Lima, one of the earliest periods repre 
e preceding period. It seems more prob- sented is the Tiahuanaco. The Tiahuan 


ile to me that the Chavin stone carving aco site itself is located in the highlands 
signs were brought in and applied to of Bolivia, but the civilization spread to 


ttery by the same peoples or influence the coast, forming a secondary center on 
ich created the Middle Chimu of my the central coast. From there it spread 
ru site. both to the south and to the north. In 
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oes 


the course of this expansion it incorpor 
= —_ » Dew a . 
OTHER MippLe PEriop ated many new elements from the ci 
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‘ The Middle Chimu, just deseribed, zations with which it came in contact 
a presents a recent discovery, but other notably the Nazca civilization on the 
, fluences and periods which fall into south coast, the result of which is really 

is interim between the Early and Late a new style characterized by the use 
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POTTERY FROM VIRU VALLE) 
LEFT: BLACK, WHITE, RED POTTERY. RIGHT: A BLACKWARE PLATE AND A BLACK, WHIT! 





FOUND IN THE SAME GRAVE. 
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SECTION OF THE CITY OF CHANCHAN, NEAR TRUJILLO, PERU. 
LATE CHIMU CITY WITH PYRAMIDS, BUILDINGS, AND COURTS WITHIN WALLED UNITS. 
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black, white and red design colors for 
pottery. The excavations of Dr. Uhle, 
confirmed by the analysis of Dr. Kroeber, 
isolated this Tiahuanaco-in- 
fluenced black, white and red pottery at 
Moche. that this 
type of pottery occurred after the Early 
Chimu and before the Late Chimu peri- 


graves of 


They demonstrated 


ods. 

In Viru Valley I excavated a mound 
vhich represented a habitation site of the 
Early Chimu period. Intrusive in this 
site were graves containing pottery of the 
black, white and red type, and also con- 

derable blackware. Shapes and other 

aracteristics serve to demonstrate that 

» blackware and the black, white and 

| are contemporaneous at this site and 

maunit. In spite of the high per- 
blackware, a Late Chimu 
racteristic, this grave material is not 
ical of the Late period. Similar sites 
e been found elsewhere. 
he contact of the black, white and red 
erial from the central coast with the 
dle Chimu «style already established 
he Viru Valley and others, gave rise 
great variety of minor styles. Thus, 
Chanchan and Moche, 
distinguishes a black, white, 
; a black, white, red, Recuoid; a ecur- 

and a cursive tripod. All these 
es may never be isolated as separate 


tage ot 


the sites of 


eber 


ases or periods, but they represent the 
ried strains of influence that inter- 
pted the Early Chimu and brought in 
elements known to comprise the Late 
imu. 
LATE CHIMU 
Out of the complex influences of the 
ddle periods, together with a revival 
the dormant Early Chimu, came the 
ate Chimu. As a period, it represents 
new era of autonomy, with little, if any, 
fluence from outside regions. Charac- 
teristic is the emphasis on blackware. 
Less and less attention is paid to painted 
design, and the modeled and mold-made 
pottery is smoked in firing to a rich black 
color. The stirrup-spout of the Early 


Oe ere ee oe 


Chimu period is again used with fre 
quency, but it is roughly rectangular in 
eross-section instead of being round as 
before, and at the base is added a smal! 
the 


Double-spouted 


modeled lug in form of a bird or 


, ] 
VesSS@CLS 


monkey. are 
common, brought up the coast with the 
black, white, red pottery from the Nazca 
Double 


whistles, are typical. 


region. bowls, generally with 
Most of the forms 
the 
periods, but there are new elements as 


well. 


can be derived from preceding 


Burials are flexed, usually in a 


seated position, in graves rather than 
prepared tombs. 
the 


with 


Middle 


creat 


Starting in periods and 


continuing coneentration in 


the Late Chimu is a new building era 


Great cities are constructed in whic! 
pyramids are incorporated but are not 
distinct units. The great city of Chan 
chan is typical, covering about eleven 
square miles with a maze of walls, reser 
voirs, buildings, temples, gardens and 
Relief 


adorn 


arabesques of fine 
the Th 
adobes are either small square blocks or 


cemeteries. 
figure designs walls 
long rectangles, and a puddled clay wall, 
ealled tapia, is also common. 

Great pressure for expansion develops 
Late 
projects which open up new tracts of 


in the Chimu period. Irrigation 


land are carried out successfully. Smal 
quebradas at the edges of 
utilized. Furthermore, the 
includes valleys to the north that were 


vallevs are 


expansion 


but sparsely settled, if at all, in previous 
The 
centrates in Lambayeque Valley, where 
The 


Lambayeque 


periods. Late Chimu period con 
ruins of great size are numerous. 
‘*Purgatorio’’ city ruin in 
is in some ways as impressive as Chan 
chan, although smaller in actual extent. 
At the time of its maximum expansion, 
the Late the full 
hundred mile stretch of the north coast 
from and Piura the 
north to Paramonga in the south. The 


great cities in themselves imply a well- 


Chimu covered four 


Chira valleys in 


integrated social organization, as it has 
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been estimated that about 200,000 people 
lived in Chanchan alone. 

The Late Chimu peoples were con- 
quered by the Ineas in the fifteenth cen- 
tury, but little change in materials is 
noticed. The type ceramics continue 
more or less the same, with the addition 
of a few Inca forms. The polychrome 
Inca pottery shapes are copied in the 
Late Chimu blackware, and in other arti- 
facts slight Inea influence is in evidence. 





represent two of the most favorable val- 
leys in Peru to-day, from the point of 
view of extent of land and the abundance 
of water. That they were also favorable 
in pre-Spanish times is witnessed by the 
extensive irrigation systems and the vast 
number of ruins found there. The ruins, 
best, the Middle 
periods and predominantly the Late 
Chimu and Inea periods. In the 
collections of pottery made in those val- 


however, represent, at 


vast 
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‘LATE CHIMU WALL ARABESQUE 
FROM A TEMPLE AT THE QUINTA ESMERALDAS NEAR TRUJILLO, PERU. 


The Late Chimu-Inea eivilization con- 
tinued for some time after the coming of 
the Spaniards. Typical Late Chimu pot- 
tery is found with decorations in a Span- 
Textiles made by the Indians 
the 

Spanish 


ish glaze. 
with the 


looms as 


materials and same 


incorporate 


same 
before 
elements in the design. 
One problem stands out prominently 
amongst a myriad others in this résumé 


of major civilization changes on the 
north coast. Lambayeque and Piura 


leys hardly a piece can be unquestionably 
identified as Early Chimu. Further- 
more, there is no group of pottery which 
can not be explained as an influence from 
the south or a local development there- 
from. In other words, in two of the 
finest valleys of the Peruvian coast noth- 
ing has appeared which can be called 
contemporaneous with the Early Chimu 
of Chicama and Moche valleys. It is, of 
course, possible that more excavation will 
reveal new types, but considerable work 
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LATE CHIMU MUMMY BUNDLI 
PARTIALLY UNWRAPPED, WITH THE POTTERY FOUND WITH \ \ 


ilready been done, especially by local overgrown in Early Chimu times as 
‘tors. One explanation is that such support hunting populations and dis 
e and well-watered valleys were so couraged agricultural expansion until 





TWO LATE CHIMU BLACKWARE DOUBLE WHISTLING JARS FROM CHICAMA 
VALLEY. 
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LATE CHIMU POTTERY. 
LEFT: A BLACKWARE FLASK FROM LAMBAYEQUE. RIGHT: VARIANT TYPE OF BLACKWARE BOWL 
WITH STIRRUP-SPOUT FROM VIRU VALLEY. 
population pressure demanded it. How Early Chimu Period: 
Well-developed art and artifacts. Subdivi 


the remains unsolved. 
Furthermore, if 


the north 


ever. problem 


migrations came from 


and followed down the coast 


into Peru, why were these valleys 


missed ? 
In order to 
history of a 


reduce the archeological 


region to a few pages of 
detail 


ecategoric 


text, elaboration of must be 


neglected and rather state 


ments made. The picture of the north 
the 
the 


conveni- 


coast given here touches 


briefly 
are part of 


Kor 


major periods which 
published record to-day. 
ence a résumé of the periods is given in 


conelusion. 


R&suME oF PERIODS ON NORTH COAS! 


Pre-civilization period as yet unknown. 


sions of this period will probably be isolated 
but as yet it must be treated as a unit. 


Middle Chimu 
A combination of 


Period: 
a highland type from the 


Callején de Huaylas region and a decadent 
Early Chimu. 

Black, White, Red Period: 
Influence from the central coast 

best, a brief 

Middl 


numerous local styles. 


of Peru move 
period ane 
forn 


north creating, at 


soon mixing with Chimu to 


sate Chimu Period: 
A north coast development of all Middle Peri 


ods plus a revival of Early Chimu influence 


with a characteristic smoked blackware pot 
tery. 
Inea Period: 


The Inea civilization from Cuzeo conquers t 
north coast in the fifteenth century. 
Spanish Period: 


The Spaniards arrive in the sixteenth century 
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PHYSICS AND METAPHYSICS 


By Dr. PAUL S. EPSTEIN 
PROFESSOR OF MATHEMATICAL PHYSICS, CALIFORNIA INSTITUTE OF TECHNOLOGY 


Tue word ‘‘metaphysics’’ indicates by 
its derivation that its subject is beyond 
physics, beyond the inquiry of scientific 
method. What possible bearing on ques- 
tions of metaphysics can then have the 
progress of modern science? The answer 
is that there arises, once in a while, a 
border dispute between these two spheres 
of human thought, each claiming a pro- 
vinee for itself. If science gets the better 
of the argument, then a larger or smaller 
portion of that primeval forest which is 
philosophy is cut down, cleared, divided 
into fields and turned over to the several 
branches of science to be tilled. Circum- 
stances of this sort arose during the last 
few years when the discoveries of physics 
brought a thorough revision of the ‘‘ Law 
of Causality.’’ The general reader has 
no difficulty in getting at the facts in so 
far as they concern science. Many ar- 
ticles and books written on the subject 
sufficiently bring out the significance of 
the new results for the philosophy of 
science. 

But the layman is also interested in the 
other side of the question, in the bearing 
which this revolution of human thought 
has on metaphysics. He wishes to know 
to what extent it affects his cherished 
beliefs and convictions, and, justly or 
unjustly, he accuses the scientist of refus- 
ing to gratify this wish. For instance, 
we read in the ‘‘Experiment in Auto- 
biography’’ by H. G. Wells: ‘‘It is euri- 
ous to find that to-day professors of 
physies . . . are still failing to be... 
lucid on such old-world problems as pre- 
destination and free will.’’ 

Of course, the wording of this remark 
is unfair to the ‘‘professors of physics,’’ 
as it seems to imply that they are shirking 
aduty. In reality, however, predestina- 
tion and free will are problems rather of 


divinity than of physics. No fair-minded 
person can blame the physicists for mind- 
ing their own business and being reluc- 
tant to write or talk about theology. But 
it is true, on the other hand, that even 
some of the authoritative popular presen- 
tations written by scientists of high 
standing just stop short of the crucial 
question : ‘‘ Do the new results of physics 
have any bearing on the problem of free 
will, and if so, what is it?’’ Probably the 
reason for this omission lies in the fact 
that these authors, while well versed in 
the scientific side of the problem, did not 
sufficiently analyze its theological aspects. 
At any event, there is an unquestionable 
demand for such an _ investigation. 
Therefore, I have selected as the topic 
of my article the question put forward 
by H. G. Wells, and I am prepared to go 
deeper into theology than is customary 
in scientific talks. In this sense should 
be understood the title, ‘‘Physies and 
Metaphysics. ’”’ 

To be sure, it is not the place of a 
scientist to take sides in a religious con- 
troversy. But when it comes to the ques- 
tion, to what extent a specific position of 
theology is in agreement or in conflict 
with the accepted theories of science, then 
the scientist has the right, and even the 
duty, to speak up. 

I shall begin with a brief exposition of 
the concept of predestination. Predesti- 
nation is the doctrine that all happenings 
in the universe were foreseen by God 
from eternity and take place, only, 
through His will. None of the major 
religions of mankind remained unaffected 
by this doctrine. In ancient times, the 
Greeks had the notion of the ‘‘Moira,’’ 
the unescapable fate to which all men are 
subject. The Brahminic Hindoos called 
a’similar concept ‘‘Karma’’ and, in a 
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somewhat milder form it was taken over 
by Buddhism. In the old testament this 
doctrine is hardly mentioned, but it is 
set forth with full force in the apocrypha, 
especially, in the apocalypses of Esdra 
and of Baruch. 

Predestination became a major diffi- 
culty of theology when the Christian 
church fathers, especially St. Augustine 
of Hippo, combined the principle of pre- 
destination with the Hebrew idea of a 
personal God who is interested in his 
creatures and is guiding their steps like 
a kind father, rewarding the worthy and 
punishing or forgiving sinners. If all 
the actions of his creatures were fore- 
ordained by God, men have no choice in 
committing them or leaving them un- 
done: They have no freedom of will. 
There arises the situation which formed 
the perennial theme of Greek tragedy: 
Man is but a helpless pawn pushed about 
by an irrevocable fate and, yet, a cruel 
Nemesis holds him responsible for actions 
which were not of his free choice. The 
Greeks saw in this a great calamity, an 
eternal curse hanging over mankind, but 
not an unjustice, because they did not 
possess the biblical notion of a kind and 
gracious Deity. But our modern moral 
sense revolts at the idea that God should 
have condemned a part of humanity 
to eternal suffering (as the technical ex- 
pression is, ‘‘reprobated’’ them) and 
**elected’’ another part to everlasting 
bliss. St. Augustine himself argued that, 
since man is inherently bad and wicked, 
there is no unjustice in leaving him to his 
deserts. As Hamlet says: ‘‘Use every 
man after his deserts, and who should 
escape whipping?’’ It may be answered, 
however, that if mankind is wicked, it is 
so through the will of God by his decree. 
Rebecca West, in a little book she wrote 
about St. Augustine, makes a clever re- 
mark about this point of his teachings. 
He was the first born of his parents and 
the favorite of his mother, Ste. Monica: 
He never outgrew the psychology of the 
favorite child, jealous of his brothers and 


sisters, and he transferred the spirit of 
the nursery into his ethical system. Pro- 
vided he belonged to the elected, he was 
perfectly willing to have the others 
damned. 

In brief, the difficulty lies in the in- 
compatibility of the two attributes of 
God: His omniscience and omnipotence, 
on the one hand, and His all-kindness, on 
the other. If God is all-wise, He must 
have foreseen everything, and man can 
have no free will. But, in order to exer- 
cise His justice and grace by rewarding, 
forgiving or punishing, He must deal 
with creatures who are free and respon- 
sible. It is no exaggeration to say that 
the larger part of Christian theology was 
devoted to the problem of predestination. 
In St. Augustine’s own life-time, took 
place his famous controversy with the 
British theologian, Pelagius, who held the 
opposite view that man’s will is free and 
only strengthened and encouraged, in its 
moral purpose, by divine grace. In the 
scholastic period, St. Thomas Aquinas 
was a follower of St. Augustine, and 
Duns Scotus a semi-Pelagianist. Later 
the Dominicans represented the Augus- 
tinian school of thought, and the Jesuits 
the semi-Pelagian, which seemed to be the 
more widely accepted. However, in the 
seventeenth century the decaying Augus- 
tinian views were revived by the Jansen- 
ists. 

Among the Protestants both Luther 
and Calvin accepted the doctrine of pre- 
destination, while the Dutchman Armin- 
ius was the main advocate of ‘‘Synerg- 
ism’’ (as the Pelagian view of freedom 
of will combined with grace was called 
by the Protestants). Even to-day the 
teaching of predestination is a part of the 
ereed of many Christian denominations, 
but somehow it has lost its power. The 
clearer minds among the churchmen of 
our time admit that the problem of recon- 
ciling the fore-knowledge of God with the 
free will of Man is insoluble, but they 
maintain that it need not be solved. We 
shall see that there is much wisdom in 
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it which is not only the evasive wisdom 
of the ostrich. 

The philosophical equivalent of pre- 
destination is determinism which was 
particularly emphasized by Spinoza. In 
Spinoza’s pantheism God and nature 
were equivalent, the nature being one of 
the two aspects of the divine substance, 
the mind, the other. The wisdom of God 
had therefore to be translated into the 
lawfulness and consistency of the hap- 
penings of the physical world which con- 
stitute determinism. 

So much about theology and meta- 
physics. Let us now return to science. 
We may ask: ‘‘ Where from did religion 
derive the doctrine of predestination ?’’ 
We have just recognized that predestina- 
tion is equivalent with determinism, and 
this, in turn, is only one of the formula- 
tions of the principle of causality, play- 
ing such a big réle both in science and in 
philosophy. Much has been written 
about causality, but most of the discus- 
sions are concerned with its psychological 
and metaphysical aspects which are en- 
tirely beside our point. We shall be in- 
terested here only in the logical aspect 
related to the fundamental assumption of 
Aristotelian logic that it is possible to 
deduce from certain given propositions 
(premises) another proposition (conclu- 
sion) in a unique way. Meaning by this 
that, when the premises are, in two cases, 
the same, the conclusion is also the same. 
Since logic is the instrument for the inter- 
pretation of our scientific experience, the 
principle of causality has been taken over 
by science. The material of science lies 
in its facts or observations ; they take the 
place of the premises and conclusions in 
the scientific applications of logic. As 
understood in science, the law of causal- 
ity ean, therefore, be stated in these 
words : a given set of earlier observations 
(causes) is always followed by a uniquely 
determined set of later observations 
(effects). This principle turned out to 
be in agreement with the scientific facts, 
within the limits of observational errors. 
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Of course, the effects of any set of con- 
ditions will be, in their turn, the causes 
of new phenomena at a still later time, 
and so on. In this way we arrive at the 
notion of the causally connected chain of 
observations and at the deterministic 
world picture which received its sharpest 
formulation by Laplace in the following 
paragraph from his theory of probabili- 
ties : 

An intellect to which were known all the forces 
acting in nature, at a given time, as well as the 
positions of all things composing the universe, 
provided it were comprehensive enough to sub- 
ject all these data to analysis, could embrace in 
one and the same formula the movements of the 
largest celestial bodies and of the tiniest atoms. 
Nothing would be uncertain to it, future and 
past would be equally open to its eyes. 


There is a remarkable similarity be- 
tween the all-embracing intellect with its 
world formula, imagined by Laplace, and 
the omniscient God. Laplace says: 
‘‘Nothing would be uncertain to it, 
future and past would be equally open 
to its eyes.’’ While the psalmist puts it 
more poetically but less strongly, ‘‘A 
thousand years are in thy sight like yes- 
terday,’’ the basic idea is in both cases 
the same. We begin to suspect that the 
religionists created their God in the 
image of a perfect scientist. Of course, 
we do not imply that they were influenced 
either by Aristotle or any other represen- 
tative of science. What we mean is that 
the acceptance of the concepts in question 
was an act of scientific thinking on the 
part of the founders of religion them- 
selves. They got hold of a principle of 
science, the law of causality, and incor- 
porated it into their system as an article 
of faith, the doctrine of predestination. 
This was a very unwise thing to do: An 
article of faith must be absolute and 
beyond human inquiry, while a principle 
of science is never final but always sub- 
ject to refinement and revision. Of 
course, neither the metaphysicians nor 
the scientists realized that the principle 
of causality was not an absolute truth. 
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Both declared it a ‘‘necessity of think- 
ing,’’ but it happened time and again in 
the history of science that what was con- 
sidered a necessity of thought turned out 
to be only a deeply ingrained habit of 
thought. The experience seemed to indi- 
cate that the same causes always produce 
the same effects and man came to believe 
that it must be so and never could be 
otherwise. However, when the new dis- 
coveries of physics proved to the scien- 
tists that this view is mistaken, they 
abandoned determinism without much 
trouble. The difficulty with any positive 
statement in science is that it can not 
be proven absolutely but only within 
the errors of observation. It is clear 
that accuracy is very essential for the 
Laplacean hypothetical intellect. The 
slightest error in the determination of 
the direction and velocity of a moving 
body will lead to a deviation from the 
calculated position which will increase 
with time. After the lapse of a suffi- 
ciently long time the body will be found 
very far indeed from where it is expected, 


be the lack of precision ever so slight. In 
other words, absolutely accurate data 
must be available to the intellect or its 
omniscience will cease after a shorter or 
longer time and the whole world picture 


of Laplace will collapse. Is the required 
absolute accuracy possible? 

In Laplace’s own time the experimen- 
tation was very crude and the observa- 
tional errors rather large. It was sur- 
mised, however, that this state of affairs 
was wholly due to the limitations of the 
observer and not to any peculiarities of 
the laws of nature themselves. The point 
of view of Laplace implies the belief that 
in the hands of an ideal experimenter the 
accuracy could be increased without 
limit. This is the place where the modern 
ideas differ from the old ones. It is true 
that the experimental precision was, and 
still is, increasing at an ever accelerated 
rate so that the modern instruments and 
the modern technique are marvels of ac- 
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curacy as compared to those which were 
familiar to Laplace. But at the same rate 
as the methods of science were refined 
they were applied to the measurement 
of smaller and smaller quantities, so that 
the ratios of the errors to the measured 
amounts have not greatly decreased. 
Science has now the proof of the corpus- 
cular structure of the world : the ultimate 
units of matter are called electrons, pro- 
tons, neutrons, those of light are known 
as photons. The observation of such sys- 
tems, without disturbing them in their 
natural course, would require means 
which are delicate in comparison with 
them. However, such means do not exist : 
the only way of learning something about 
the motion of an electron or photon is to 
observe its action on other electrons and 
photons. But in this interaction the 
original state of motion of the particle 
is changed. This is the inner reason for 
a very fundamental law of physics dis- 
covered a few years ago, the so-called 
principle of indetermination, which states 
that the position and the velocity of a 
particle can not be accurately determined 
at the same time (and which also states 
the minimum limits of the experimental 
error). 

How does the principle of indetermina- 
tion affect the law of causality? We may 
say that it lies beyond causality : the prin- 
ciple of logic remains true that from 
given premise: therc always follows a 
unique conclusion, but it does not apply 
when there are no premises or not suffi- 
ciently accurate premises. Science can 
no longer invoke causality without reser- 
vations: when there is no precise knowl- 
edge of the causes, the effect can not be 
predicted with absolute certainty. It 
must be distinctly understood that this 
lack of precise knowledge is inherent in 
the nature of the laws of the physical 
universe. It is well to mention here an 
objection, so natural that it is raised by 


" novices almost regularly : ‘‘Granted that 


the knowledge possessed by the scien- 
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tist leaves the future motions of a particle 
partially indeterminate. How can they 
be sure that this knowledge is complete, 
that there do not exist other measurable 
parameters which are still hidden to 
them, but would be apparent to the more 
powerful intellect envisioned by Laplace? 
This additional information could make 
the problem determinate and causal in 
the sense of the classical theory.’’ In the 
early stages of the modern development 
the question of the ‘‘ hidden parameters’’ 
was amply discussed. Of course, it 
would be dogmatic to assert that their 
existence is entirely out of the question. 
However, it is safe to say that most scien- 
tists consider it as very unlikely and that 
such parameters could not be introduced 
without abandoning or radically chang- 
ing the whole mathematical structure of 
the now existing theory. 

After all, for the purpose of the pres- 
ent analysis it is sufficient to have in mind 
that the causal point of view is not the 
only possible one. Modern science has 
developed another (the statistical) stand- 
point which is just as logical and self- 
consistent and is in far better agreement 
with the experimental facts, as they are 
at present known. If we shift our ground 
to the new point of vantage the question 
as to the accurate simultaneous determi- 
nation of position and velocity simply 
loses its meaning. The hypothetical in- 
tellect of Laplace, be it ever so grandiose, 
is subject to the same limitations as every 
other observer and its world formula be- 
comes useless. As it works out, the in- 
trinsic error of observation is compara- 
tively unimportant for large bodies and 
significant only for small particles. The 
intellect could, therefore, give a valid 
prediction of the motion of planets and 
other celestial bodies for a long period of 
time, but, in the case of atoms and elec- 
trons, its calculations would fail immedi- 
ately. 

The difference between the old (deter- 
ministic) and the new point of view, in 
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relation to predicting the future, is best 
illustrated by a simile. Let us consider, 
on one hand, the surface of the moon: 
At present, we can not see its minute 
details. However, we are sure that we 
could build telescopes sufficiently power- 
ful to discern them. It is only a question 
of money and technology. Let us take, 
on the other hand, the crude reproduc- 
tion of a photograph in a newsprint. 
Here, too, we can not see the details 
because they are blurred. But unlike 
those of the moon, no amount of magnifi- 
cation, no lenses or microscopes can ever 
make them visible. In a similar way, the 
future is not accurately predictable be- 
cause the structure of space and time is 
inherently blurred and fuzzy. Even the 
most omniscient and omnipotent being 
can not see things that are not there, so 
that this is no reflection upon the wisdom 
and might of God. Our comparison is 
also adequate in bringing out the fact 
that the principles of science permit the 
prediction of the rough general features 
of future events and, only, deny the pos- 
sibility of foreseeing their finer details. 

It is clear from this description that 
the new discoveries of physics sound the 
death knell to the concepts of determin- 
ism and predestination. It has often 
been assumed, tacitly or explicitly, that 
this remark also disposes of the even 
more important question of the free will ; 
namely, in favor of its existence. This 
is, however, an entirely erroneous as- 
sumption. The bearing of the changed 
point of view in science on the freedom 
of will is an independent problem requir- 
ing a separate investigation. Jt is our 
contention that the traditional linkage 
between determinism and free will is con- 
verted into its opposite on the newly 
shifted ground of science. 

There always have been two schools 
of thought among the metaphysicians. 
Those of the first school (the ‘‘ Vitalists’’ 
and ‘‘Neo-Vitalists’’) hold that the laws 
derived by science for dead nature have 





54 THE SCIENTIFIC MONTHLY 


only a limited application to the opera- 
tion of the psyche and to the actions of 
man. It is obvious that discoveries in the 
field of physics will not affect their views 
on the freedom of will which, according 
to them, belongs to a different sphere. 
To the other school belong the ‘‘ Mecha- 
nists,’’ who maintain that human be- 
havior is governed by the same laws as 
physical nature. What conclusion must 
the Mechanists draw from the principle 
of indetermination? From the old point 
of view, the negation of determinism 
automatically admitted the free will as 
a possibility. But, as we shall see, this 
connection of the two principles is no 
longer true. Freedom of will implies 
man’s ability of choosing and directing 
events. But the new principles of science 
do not grant him this ability any more 
than the old ones. Owing to the inherent 
inaccuracy of physical description, the 
same causes may produce, at different 
times, different events. But these events 
are unpredictable and subject only to 
chance. This implies, of course, that 
neither man nor God can direct these 
events, because, if he could guide them, 
he also would be able to foresee them. 
If under the reign of the principle of 
causality man was a helpless tool of pre- 
destination, modern science makes him, 
in part, an equally helpless plaything of 
blind chance. It seems that this simple 
fact has not been generally recognized. 
The reason for this was pointed out in 
our introduction. Scientists, as a class, 
are not greatly interested in the bearing 
of their results on philosophy. Even 
those of them who wrote on the subject 
for popular consumption devoted most of 
their attention to the scientific side and 
touched upon the metaphysical impli- 
cations only in a desultory manner with- 
out clearly realizing that determinism 
and free will involve, in this connection, 


two different problems. However, once 


the distinction is made, the argument 
becomes quite cogent and conclusive. 

We conclude with a brief summary of 
our main points: (1) The views of mod- 
ern physical science are incompatible 
with the doctrines of predestination and 
determinism which are no longer tenable. 
This statement should not be construed 
as an attack upon religion and meta- 
physics; in fact, it should be a boon to 
them. It will be well to repeat here that 
the metaphysicians were those who in- 
vaded the field of science by postulating 
as a truth the religious equivalent of the 
law of causality. In doing this they quite 
unnecessarily created for themselves 
difficulties which they could not resolve. 
Science is now showing them the way 
out of the dilemma. (2) The discoveries 
of physics referred to do not change, in 
any way, the status of the problem of the 
free will. Followers of the mechanistic 
point of view (who believe that the laws 
of nature and of the human mind operate 
in the same way) must, therefore, con- 
tinue to deny freedom of will. Members 
of the vitalistic school, on the other hand, 
who claim that human behavior is not 
subject to the same laws as the physical 
world, are at liberty to accept the will as 
free. Their point of view becomes now a 
little more self-consistent because it does 
no longer get in conflict with predestina- 
tion. 

I wish, however, to add a word of warn- 
ing : Although, at present, science can not 
answer the question whether the laws of 
the human psyche and of dead matter are 
the same or not, it will be able to answer 
it in the course of time. It is definitely 
a question of science and not of meta- 
physics. Mechanists and vitalists may 
hope that the future will vindicate their 
particular views, but they may not claim 
for their hopes the dignity of metaphysi- 
cal postulates. 





A TOUR THROUGH PROBABILITY DOMAINS 


By E. C. MOLINA 
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I 

On a tour, whether by train or boat, 
it is good form to be sociable and join 
your fellow passengers if they propose a 
game of bridge. 

But playing bridge is more than a 
pastime. The implications of card shuf- 
fling have taxed the mathematical powers 
of such men as Poincaré, Markoff, Hada- 
mard, Hostinsky, Frechet. They posed 
and discussed this problem: Given an 
initial arrangement of the cards, what is 
the probability that after a specified 
number of repetitions of a particular way 
of shuffling them, the cards will be found 
arranged in a preassigned order? 

Poincaré, Markoff, et al., proved that 
if the number of shufflings or operations 
on the cards (to use their more technical 
language) approaches infinity, then the 


probability asked is independent of the 
initial arrangement of the cards or of the 


shuffling method used. They proved 
several other theorems, all of which are 
now to be found in the literature under 
the caption ‘‘probabilities in chain.’’ 
Let us consider a method of shuffling 
which would be frowned upon at a bridge 
tournament, but which is pregnant with 
meaning for the scientifically minded. 
Put half of the cards in a box labeled 
A, and the other half in a box labeled B. 
Shake the boxes vigorously and draw a 
card simultaneously from each box. 
Next, place in A the card drawn from B 
and in B the one drawn from A. Call 
this sequence of drawings and inter- 
change of locus an operation and repeat 
the operation a large number of times. 
Bearing in mind that half of the cards 
are red and the other half black, one will 
be prepared to consider a whole class of 
problems in molecular physics. But 
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before taking up the physical problems, 
permit me to restate the card problem in 
the form that Laplace gives it in the 
‘*Théorie Analytique des Probabilités”’ : 

Consider two urns A and B each containing 
n balls and suppose that of the total number of 
balls, 2n, as many are white as black. Conceive 
that we draw simultaneously a ball from each of 
the urns, and that then we place in each urn the 
ball drawn from the other. Suppose that we re- 
peat this operation any number, r, of times, each 
time shaking well the urns in order that the balls 
be thoroughly mixed; and let us find the prob- 
ability that after r operations the number of 
white balls in urn A be z. 


As in the case of the cards, after a 
large number of operations, the prob- 
ability in favor of any specified division 
of the white and black balls between the 
two urns is independent of the initial 
arrangement. Therefore, with a finite 
number of balls there is a finite proba- 
bility of reproducing the initial distribu- 
tion. This fact has great significance, 
particularly if initially all the white balls 
were in one of the urns and all the black 
balls in the other urn. 


II 
Now, if it please the reader, I submit 
two exhibits connecting the card shuf- 
fling or Laplacian ball problem with 
modern physics. 


Exursir A 


Lotka, in his ‘‘Elements of Physical 
Biology,’’ Chapter III, under the head- 
ing, ‘‘The Statistical Meaning of Irre- 
versibility,’’ says: 

Let the vessel A contain 1 gram of nitrogen 
gas, and let B contain 1 gram of oxygen gas, 
the communication between A and B being 


closed. It is a matter of common knowledge 
that if the stopcock is now opened, the gas from 
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A will flow over into vessel B and vice versa, 
and in a short time an equilibrium is reached in 
which each vessel contains 0.5 gram of each gas. 
Now, in point of fact, the molecules of gas 
behave (approximately) like a number of elastic 
spheres, their equations of motion contain no 
dissipative term, but are of type (3) (Chapter 
II). We should, therefore, expect that after a 
certain lapse of time, the initial condition should 
return, and that all the nitrogen should once 
more be contained in the vessel A, all the oxygen 
in B. 

Lotka continues the discussion of this 
phenomenon with an appeal to prob- 
ability theory and makes use of the 
Laplacian ball problem as an illustra- 
tion. 

The physico-statistical ideas quoted 
from Lotka were epitomized by Bertrand 
Russell in a popular article entitled 
**Heads or Tails’’ (Atlantic Monthly, 
August, 1930). He wrote: 

If you put a kettle on a nice hot fire, will the 
water freeze? ‘‘Certainly not,’’ says common 
sense, indignantly. ‘‘Probably not,’’ says 
physics, hesitantly. According to physics, if 
every member of the human race put a kettle 
on the fire every day for the next million million 
years (during which, according to Jeans, the 
world is to remain habitable), it is not unlikely 
that sooner or later the water in one of these 
kettles would freeze instead of boil(ing). 


Of course, by ‘‘ physics’’ Russell means 
modern physics from the point of view of 
the kinetic theory of matter, or prob- 
ability. 

EXHIBIT B 

In his paper entitled ‘‘ Application du 
Caleul des Probabilités 4 la Théorie du 
mouvement Brownien,’” Hostinsky in- 
troduces his section on linear Brownian 
movements with a short discussion of the 
Laplacian ball problem. 

For the benefit of those unfamiliar 
with Brownian movements I quote from 
A. L. Kimball, ‘‘College Physies,’’ 2nd 
ed., 1917. 

The English botanist Brown in 1827 on ob- 


serving with the microscope very fine particles 
held in suspense in a mass of water, discovered 


they were in constant irregular motion, and the . 


1 Annales de l’institut Henri Poincaré, Vol. 
III, pp. 47 and 50. 


smaller the particle the more lively was the mo- 
tion observed. It is a spontaneous motion that 
never ceases, and is believed to be caused by the 
incessant motion of the molecules of the liquid. 

The French physicist Perrin has made a care- 
ful study of this phenomenon using an emulsion 
in water of exceedingly fine grains of mastic. 
He finds by exact measurements of the distribu- 
tion of the grains and the amount of their 
motions that they distribute themselves just as 
should be expected from the kinetic theory, and 
even deduces by inference from his measure- 
ments the number of molecules in a cubic centi- 
meter of gas under standard conditions, finding 
30.5 x 10", in good agreement with determina- 
tions by other methods. 


Ill 

To solve his ball problem, Laplace first 
set up an equivalent finite difference 
equation and then, as an approximation, 
reduced it to a partial differential equa- 
tion. I would invite the reader’s atten- 
tion to this differential equation from two 
points of view, one physical, the other 
mathematical: (a) The equation has re- 
appeared in modern physics in connec- 
tion with the theory of Brownian move- 
ments. In this connection I will refer 
you again to the article by Hostinsky in 
the Annales of the Poincaré Institute. 
(b) The solution of the equation led 
Laplace to the development of poly- 
nomials and an expansion in these 
polynomials which, to-day, are called 
Hermitian and Gram-Charlier, respec- 
tively. 

But what are Hermite polynomials and 
Gram-Charlier series, more particularly, 
the Gram-Charlier A series? An anal- 
ogy will help us here. 

A complex problem in dynamics fre- 
quently reduces, as we all know, to a 
combination of several simple harmonic 
motions. Moreover, a simple harmonic 
motion is represented mathematically by 
a sine or cosine function. Therefore, it 
is not surprising when the analytical 
solution of the complex dynamical prob- 
lem comes out in the form of a sine and 
cosine series. But consider the domain 
of, let us say, biology. Here the ele- 
ments of a complex problem are not sim- 
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ple harmonic motions; they are simple 
chance phenomena, simulated by the 
tossing of pennies or drawing of balls 
from a bag. In this case, we anticipate 
that the analytical solution of a complex 
biological problem would be given by an 
expansion whose terms represent simple 
chance events. Such is the character of 
the Gram-Charlier A expansion, wherein 
Hermite polynomials of successive orders 
take the place of the sines and cosines of 
a Fourier series. 

At times even a dynamical problem 
comes within the scope of Gram-Charlier 
series. This comes about when the entry 
of the forces acting or the intensities of 
their effects are conditioned by circum- 
stances of a random character. As an 
example one may take the problem of 
perturbations in the statistical theory of 
celestial mechanics. Those interested in 


astronomy could quite well enjoy a 


pleasant evening discussing Gram- 
Charlier series with the biologists. As 
an opener for an exchange of ideas, one 
might consider the following statement 
made by Charlier in the chapter dealing 
with expansions, in the fascicule on 
astronomy of Borel’s ‘‘Traite du Caleul 
des Probabilités et de ses Applica- 
tiones’’: 

Each event, each attribute, each object, each 
fact, may be regarded as the outcome of the 
superposition of a very large, or infinite, number 
of very small influences emanating from sources 


of perturbations capable of exercising any ac- 
tion whatsoever on the object in question. 


IV 
Laplace did not stop with two urns. 
He said : 


We may extend all this analysis to the case 
of any number whatever of urns; we will limit 
ourselves here to finding the mean value of the 
number of white balls each urn contains after 
r operations. 
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This more general problem suggests 
questions regarding the number of so- 
called complexions corresponding to a 
given statistical state, thermodynamic 
probability and its relation to entropy. 

Consider the above diagram from 
Page’s ‘‘Introduction to Theoretical 
Physies.’’ 

The seven squares or cells (boxes) 
represent elements of extension-in-phase. 
The ten dots with their identification 
numbers represent, collectively, one of 
the many complexions corresponding to 
the particular statistical state of 1 par- 
ticle in cell No. 1, 2 in cell No. 2, 1 in 
cell No. 5, 4 in cell No. 6 and 2 in cell 
No. 7. For this particular state the total 
number of complexions is 


(20) (8) (7) (8) (2) 
=10! /(1! 2! 0! Of 4! 2!) 


The most probable state is the one to 
which the greatest number of 
plexions correspond. 

Now, with due apologies for being so 
abrupt and for a purpose which will soon 
be apparent, I will jump, for a more 
general statement of the complexion 
problem, to page 283 of an ‘‘Introduc- 
tion to Statistical Mechanies for Students 
of Physics and Physical Chemistry,’’ by 
James Rice: 


com- 


Suppose we have present a set of Planck 
vibrators which each contain a multiple of a 
unit of energy e¢. Let there be n vibrators and 
an amount of energy EZ available where E/e is 
an integer. Let us consider a complexion in 
which there are n, vibrators with no energy, n, 
with e, n, with 2e, ete. There are as usual 


nm! / (mo! m! ml...) 
complexions in a corresponding statistical state, 


and we have to satisfy the conditions 


No + NM, 
(IV. 1) 


n, + 2n, + 3n, + .=E/e 
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Let C be the total number of complexions com- 
patible with these conditions. C will be given 
by 

C=Sn! / (nm! nm! nt...) 
where the summation is over all possible values 
of the n which satisfy. (IV.1). 


It is not my intention to follow up this 
complexion problem. My main purpose 
in introducing it is that Rice evaluates 
C by the method of generating functions, 
a method which appeals to me like apple 
pie to a small boy. 


V 

The concept of a generating function 
suggests itself immediately to one 
familiar with the history of art. 

When the Greeks wanted a Parthenon, 
they called upon a Pheidias. When the 
Medici wanted a magnificent tomb in San 
Lorenzo, they called upon a Michel- 
angelo. But, during the dark ages, when 
a Pope wanted a beautifully carved por- 
tal, for example, there was no Pheidias 
or Michelangelo to call for. So, instead, 
scouts were sent out to buy up some 
ancient building containing a portal of 
the desired design. Then, the building 
having been acquired, a wrecking crew 
was sent to extract the portal. 

This method of accomplishing results 
has turned out to be very fruitful in the 
mathematical theory of probability, and 
elsewhere. When a mathematician can 
not carve a desired function, f(z), he 
looks around for a generating function, 
F(z), containing f(z). Then, if neces- 
sary, applying some ingenious wrecking 
tools devised especially for the purpose, 
he extracts f(z) from F(z). 

In the generating function or fre- 
quency array (see ‘‘ Frequency Arrays,”’ 
Soper, Cambridge University Press, 
1922) 
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the coefficient (po, », c, . . .) is for a cer- 
tain population, the proportion or fre- 


quency of individuals each owning, say, 
a automobiles, b books, c cows, ete. Like- 
wise, with reference to continuous vari- 
ates, in the generating function, or fre- 
quency array, 


F(4,B,0,...)=fff...f(a,b,0,...) 
AsBoC: ... da db de..., 


f(a, b, c, . . .) gives the proportion or 
frequency of individuals of, say, age a, 
blood pressure b, chest expansion ¢, ete. 

The capital letters symbolize charac- 
ters or attributes in which we are inter- 
ested, and the frequency array pictures 
the entire population as divided into 
categories in accordance with the extent 
to which an individual possesses each of 
the characters or attributes. 

The method of generating functions 
constitutes a highway with branches run- 
ning in all directions. Traveling along 
it carries one through the entire domain 
of error theory. The branch built by 
Soper terminates in a whole family of 
random flight problems. In Soper’s 
treatment of these problems will be found 
not only evidence of the power of gener- 
ating functions, but also a masterly exhi- 
bition of how powerful tools should be 
handled. It will be recalled that random 
flight problems are of the type: If one, 
with the aid of an aeroplane, makes a 
flight of nm successive steps, each step of 
length r in a random direction with ref- 
erence to the preceding step, what is the 
probability that at the end of an assigned 
time interval one is at an assigned dis- 
tance from his starting point? 

The number of physical problems 
which may be classed together under the 
heading of random are legion. For ex- 
ample, many, if not most, of those con- 
cerned with Brownian movements; the 
problem of ‘‘fading’’ in radio transmis- 
sion; the problem which in Volume I of 
his ‘‘Theory of Sound,’’ Lord Rayleigh 
states as follows: 


“ We have seen that the resultant of two iso- 
periodic vibrations of equal amplitude is wholly 
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dependent upon their phase relation, and it is 
of interest to inquire what we are to expect from 
the composition of a large number (n) of equal 
vibrations of amplitude unity, of the same 
period, and of phases accidentally determined. 


Rayleigh and Karl Pearson may be men- 
tioned as among the pioneers in the treat- 
ment of random flight problems. 

VI 

So far I have submitted for considera- 
tion strictly scientific implications of 
eard shuffling. I now invite attention to 
a shuffling problem which involves, as we 
shall see, a very delicate ethical question. 

In the game of poker each player is 
dealt five cards. That five-card hand 
which consists of the ace, king, queen, 
jack and ten of a suit possesses the high- 
est playing value; it is called a ‘‘royal 
fiush.’’ If the cards are dealt at random, 
the probability that the dealer’s hand 
will constitute a royal flush is only 1 in 
649,739 or, approximately, 1 in 650,000. 
On the other hand, by cheating, the 
dealer can raise this extremely small 
probability up to, let us say, 1 in 100. 

Now suppose a stranger, who proposed 
a poker game, dealt the cards and that, 
when the hands had been played, it de- 
veloped that he had dealt himself a royal 
flush: What is the probability that he 
cheated ? 

Shall we say that the odds are 650,000 
to 100 against his integrity? Such an 
inference is legitimate only if, before the 
hands were played, we were in a fifty- 


fifty state of mind regarding the stran- 
ger’s ethical status. Certainly no one 
would bet 650,000 to 100 against him if 
the occurrence under consideration had 
taken place within the sacred precincts 
of a London club, for example. But we 
are on a train or ship, and signs, hung 
in conspicuous places, give warning as 
to the likelihood of our encountering 
eard sharps. Therefore the odds against 
the good faith of the stranger, who has 
dealt himself a royal flush, are even 
greater than those already cited. 

The moral to be drawn from the ethical 
problem we have just discussed is as fol- 
lows: When an event has happened as the 
result of the coming into play of one or 
the other of two causes, A and B, the 
probability in favor of cause A, for ex- 
ample, as being the cause which actually 
resulted in the observed event, is propor- 
tional to two distinctly different factors ; 
one factor gives the probability in favor 
of said cause A before the observed event 
occurred; the second factor is propor- 
tional to the probability that, if cause A 
is in action, then the observed event 
would occur. The first factor is called 
the a priori existence probability in favor 
of the cause. Two corresponding factors 
pertain to the other cause B. The gen- 
eralization of our little sermon to the 
case where more than two causes must be 
considered involves no difficulty other 
than the use of a greater number of 
words. 





CHANGEABLE COLORATION 


ITS MECHANISM AND BIOLOGICAL VALUE WITH SPECIAL 
REFERENCE TO FISHES 


By Dr. F. B. SUMNER 
PROFESSOR OF BIOLOGY, SCRIPPS INSTITUTION OF OCEANOGRAPHY, UNIVERSITY OF CALIFORNIA 


THE ability to undergo rapid changes 
of color and shade in response to ex- 
ternal stimuli is confined to a very few 
groups of animals, though these groups 
belong to several different major divi- 
sions of the animal kingdom. Since the 
mechanisms involved in these changes 
present essential differences in some of 
the groups which possess them, we may 
be reasonably sure that this capacity has 
appeared several times in the course of 
animal evolution. The chief groups 


which display it are the cephalopod mol- 
luses, crustacea, fishes, amphibia and 
reptiles. 

The effector elements which are im- 
mediately responsible for these color 


changes are cells known as chromato- 
phores. These may operate singly or in 
clusters of a few cells. Speaking par- 
ticularly of the fishes, we may say that 
the chromatophores are much branched 
cells of relatively great size. In form, 
they may well be compared to a basket 
star-fish, having a small central disk and 
radiating branches which subdivide re- 
peatedly. There are various kinds of 
these chromatophores, but the most im- 
portant differences relate to the kind of 
pigment which they carry. Thus we 
have the most numerous class, the mel- 
anophores, which contain the black pig- 
ment melanin; the xanthophores and 
eythrophores—yellow and red, respec- 
tively—which contain pigments of the 
carotenoid type; and the white guan- 
ophores or iridocytes which contain crys- 
tals of guanin. 

In all these the response to a stimulus 
consists in the shifting of the pigment 
within the cell. The older view that the 





chromatophores themselves expand and 
contract in ameboid fashion has been 
virtually abandoned, though this mis- 
leading terminology unfortunately per- 
sists. The darkening of a fish results 
from the centrifugal movement of the 
melanin granules, which thus come to 
fill the branches of each cell and greatly 
increase the total black area of the skin. 
In paling, the pigment granules move in 
a centripetal direction, concentrating in 
a small mass in the center of each cell. 
Thus, the same fish, under appropriate 
stimuli, may change in shade from dead 
black to pale brown and back again 
within a few minutes’ time. Similar 
processes occur in the other types of 
chromatophores. 

In fishes, there seems to be an im- 
mediate connection between the chroma- 
tophores and the terminations of periph- 
eral nerves belonging to the autonomic 
system. This fact has been substan- 
tiated both by histological and by phys- 
iological studies. 

That the xanthophores are controlled 
by different nerves from the mela- 
nophores is evident from the fact that 
these two types of chromatophore re- 
act independently of one another and 
often in opposite directions. A fish may 
become pale and colorless or pale and 
yellow; dark and colorless (i.e., black or 
gray) or dark and yellow (i.e., brown). 
The behavior of the other types of chro- 
matophores is less well known. Recent 
studies seem to indicate that the cen- 
trifugal and centripetal movements of 
pigment, i.e., dispersion and aggrega- 
fion, are also controlled by different 
nerve fibers. 
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The direct nervous control of chro- 
matophores has likewise been demon- 
strated for reptiles, though in this group 
there seems to be a supplementary con- 
trol through the secretion of the adrenal 
medulla. In the amphibia, on the other 
hand, no such direct nervous control ap- 
pears to exist. Quite the contrary, it 
now seems probable that the reactions of 
the chromatophores in the latter group 
are mediated entirely through endocrine 
secretions from the hypophysis, carried 
in the blood. These animals neverthe- 
less react to optic stimuli, as fishes do, 
though they are more largely influenced 
than the latter by various other stimuli. 

The recent work of Parker and his 
students seems to show, moreover, that 
even in the fishes there is a hormonal 
(or ‘‘humeral’’) control of the chro- 
matophores, supplementary to the ner- 
vous control. If the nerve supply of a 
small area of the integument is severed 
without disturbing the blood supply, 
and the fish is then placed upon a white 
background, the entire body soon be- 
comes pale, with the exception of the de- 
nervated area. If, however, the animal 
remains for a considerable number of 
hours upon the white background, the 
denervated area likewise gradually be- 
comes pale. This, along with certain 
other experiments, would seem to show 
that some substance diffusing from one 
cell to another may bring about the same 
effect upon the chromatophores as stim- 
ulation through the nerves. Indeed, it 
is quite possible that the immediate ac- 
tion of the pigmento-motor nerves them- 
selves is to stimulate the formation of 
substances capable of causing the con- 
centration or dispersion of the pigment 
in the chromatophores. 

The chromatophores are known to re- 
spond in a definite way to various drugs. 
Dilute solutions of sodium chloride, for 
example, bring about the so-called ‘‘ex- 
panded’’ condition of the melanophores, 
or more correctly the dispersion of the 
melanin granules within these cells, 


while potassium chloride produces the 
reverse effect. Here, it would seem to 
be the sodium and potassium ions which 
are effective. Many anesthetics, ether 
and urethane, for example, call forth 
the dispersion of the pigment, while 
adrenalin causes an extreme condition of 
concentration. It seems probable that 
the hormone of the adrenal medulla may 
normally play a réle in the color changes 
of some reptiles. 

Whatever the physico-chemical mech- 
anism, the phenomena of pigment migra- 
tion, as seen in the chromatophores of 
the scales of a fish, is a fascinating object 
of study, and could readily be utilized 
for classroom demonstration. I do not 
know to what extent this has been done. 

As already stated, control of the chro- 
matophores in all animals is effected 
either directly or indirectly through the 
nervous system. Color changes may oc- 
cur in response to a variety of stimuli, 
photic, thermal, chemical or mechanical. 
In fishes, optic stimuli are responsible 
for the most conspicuous and biologi- 
eally important changes. Here we must 
distinguish changes of color, in the nar- 
rower sense, from changes in shade, the 
latter denoting changes in the direction 
of greater pallor or darkness, without 
any necessary alteration of color proper. 
A fish placed upon a gray background, 
for example, assumes a quite different 
appearance from the one placed upon 
a brown or yellow background, which is 
equally pale or dark. Any one who has 
conducted experiments of this sort with 
any care knows that the wave-lengths of 
the light reflected from the background 
constitute an important element in the 
situation. While this conclusion has 
been challenged by some writers on 
more or less theoretical grounds, it has 
been sustained repeatedly by carefully 
planned experiments. That fishes have a 
real though perhaps restricted color 
vision can no longer be reasonably 
doubted. 

Many of these chromatic changes of 
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fishes are remarkably complex, consist- 
ing not only of independent responses 
by the different classes of chromato- 
phores, but of independent changes in 
different areas of the integument. Thus, 
in flat-fishes, certain areas may become 
very pale, others at the same time very 
dark, giving to the animal a mottled 
appearance. Moreover, the relative ex- 
tent of the light and dark areas, in such 
eases, is closely dependent upon their 
relative extent in the background at the 
time. Once more, the resulting mottling 
is likely to be coarse or fine, depending 
upon the texture of the background. 

I have spoken here of the background. 
Those unfamiliar with the color changes 
of fishes sometimes assume that the effec- 
tive agent in determining the shade as- 
sumed by the animals is the total quan- 
tity of light to which they are exposed. 
Thus, fishes might be supposed to become 
black on a black background, by reason 
of the low degree of illumination, and 
pale upon a white background for the 
opposite reason. That this is far from 
being a true account of the situation we 
might suspect from the fact that, when 
kept in complete darkness, fishes become 
pale rather than dark. What the fish 
responds to, for the most part, is neither 
the total illumination from all sources 
nor the intensity of the incident light. 
The effective stimulus is the light re- 
flected from surfaces beneath and around 
the animal. And even here it is not the 
absolute intensity of this reflected light 
which counts. It is rather the albedo of 
the reflecting surfaces. By albedo we 
mean the actual light-reflecting capacity 
of an object or substance, without refer- 
ence to the degree to which it is illumi- 
nated. Thus, a gray object has a lower 
albedo than a white one, even though the 
former may be so placed as to reflect 
vastly more light than the latter. Simple 
photometric measurements suffice to show 
that even a dull black surface, placed in 
direct sunlight, may reflect more light 
(more white light, to be precise) than a 
white surface in the diffuse daylight of 


a laboratory room. And yet a fish be- 
comes black, or nearly so, upon the for- 
mer and very pale upon the latter. 

The fish’s response to a given albedo 
is to a large extent independent of abso- 
lute illumination. Here we have a strik- 
ing parallel between the physiological 
responses of a fish and certain well- 
known facts of light perception in our- 
selves. I refer to the apparent constancy 
of a given color or shade under widely 
different conditions of illumination. It 
is the problem of ‘‘color-constancy,’’ so- 
called, which has received considerable 
attention from experimental psycholo- 
gists. Our perception of any one object 
in the visual field is not an isolated fact. 
It is influenced more or less by the entire 
visual field. In the same way, the fish 
reacts not merely to the light rays reach- 
ing its eyes from the background, but 
reacts, in some way, to the ratio between 
these rays and the incident light. Neither 
in man nor the fish is the making of the 
necessary ‘‘correction’’ for general illu- 
mination an act of judgment. It occurs 
entirely on the perceptual plane. 

What, then, is this distinction between 
incident light and background? In the 
fish it seems probable that the animal’s 
reaction is determined by the relations 
which obtain between the upper and 
lower portions of the visual field. For 
example, I long ago determined that a 
flounder made not the least response to 
a plate bearing a strongly contrasting 
pattern when this was suspended close 
over it. When, however, the position of 
the plate was reversed, so that the fish 
came to lie upon this same pattern, an 
appropriate rearrangement of its color 
markings occurred. 

More recently, I have experimented 
with transparent celluloid caps or ‘‘false 
corneas,’’ fitted over the eyes of the fish 
Fundulus parvipinnis. When the lower 
half of this ‘‘cornea’’ was painted black, 
thus obscuring the corresponding half of 
the visual field, the fish invariably became 
dark, usually as black as when placed 
upon a black background. On the other 
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hand, when the upper half of the visual 
field was obscured in this way, the fish 
did not become darker in consequence, 
but usually became paler than it would 
otherwise be upon a given background, 
unless, indeed, the background happened 
to be white. Apparently, darkening of 
the upper half of the visual field worked 
in the same direction as making the lower 
half paler. 

Such experiments strongly suggest a 
dorso-ventral polarization of the retina, 
such that a given light stimulus will call 
forth a different response, depending 
upon the half of the retina which is 
stimulated. Or, possibly, this polariza- 
tion occurs in the central nervous system. 
It is hardly necessary to add that such 
experiments rule out absolutely any in- 
terpretation of these adaptive color 


changes as direct and simple responses 
to photic stimuli, without regard to the 
complex anatomical and physiological 
mechanisms involved. 

In the foregoing discussion, I have had 


in mind chiefly those rather prompt 
changes of color or of shade which result 
from the shifting of pigment within the 
chromatophores. I think that most of us 
formerly believed that the color-changes 
of fishes were altogether of this type. It 
was for long not realized that continued 
subjection to appropriate stimuli might 
result in large changes in the amount of 
pigment actually present in the tissues. 
Experiments of recent years have shown 
that in some fishes, at least, the black 
pigment melanin may be increased many- 
fold by a sojourn of a few weeks upon 
black, while it may be to a large extent 
eliminated by a sojourn on white. A 
more nearly quantitative series of experi- 
ments has recently been conducted by 
Mr. Peter Doudoroff and the writer, in 
which we sought to measure with ap- 
proximate exactness both the conditions 
of illumination and the amount of mela- 
nin produced or lost.1. These experi- 
1 The report of these studies is in press. 
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ments, which were performed upon 
gobies, have revealed no such extreme 
differences in pigmentation as were en- 
countered in some previous experiments 
with other fishes. They have shown, none 
the less, (1) that the amount of melanin 
produced (or retained) is strongly in- 
fluenced by the albedo of the background, 
and (2) that it is influenced, though to 
a much smaller extent, by the absolute 
intensity of the illumination. While we 
do not wish to generalize at the present 
stage of this work, it may be allowable 
to point out that in our more brightly 
lighted cabinet, at least, the melanin con- 
tent of the fishes tended to vary inversely 
as the logarithm of the albedo of the back- 
ground. The relation of such a result to 
the ‘‘ Weber-Fechner Law’”’ is obvious. 

As regards the yellow pigment, xantho- 
phyll, the amount of this has been deter- 
mined by Dr. D. L. Fox and myself for 
several species of fish.? The stock of 
xanthophyll in a fish seems to be derived 
entirely from its food and thus, ulti- 
mately, from the plant life of its habitat. 
Hence it must be maintained by appro- 
priate feeding. In some fishes, at least, 
it is rather rapidly lost if lacking in the 
diet. It is interesting to note that this 
loss, in one species which we have studied, 
is considerably more rapid in specimens 
kept in white aquaria than in ones kept 
in black, gray or yellow aquaria. It was 
unexpected, however, that the amount of 
xanthophyll should fail to be closely cor- 
related with the visible coloration of the 
fish. The distinctly yellow fishes from 
yellow aquaria yielded, to be sure, more 
xanthophyll than the nearly colorless 
specimens from white aquaria.* On the 

2 Jour. Exper. Zool., 66: 263-301, 1933; ébid., 
71: 101-123, 1935; Proc. Nat. Acad. Sct., 21: 
330-340, 1935. 

8 That is, they did so with one interesting 
exception. Fishes which had been kept for a 
considerable period upon white, followed by a 
briefer sojourn upon yellow, were more highly 
colored than ones which had been kept for a con- 
siderable period upon yellow, followed by a 


briefer sojourn upon white. Nevertheless, the 
former yielded less xanthophyll than the latter. 
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other hand, the greatest quantity of all 
was obtained from the almost totally 
black fishes from black aquaria. Here, 
plainly, the xanthophyll was masked by 
the melanin. 

In conclusion, we must face the ques- 
tion: What is the use of this remarkable 
mechanism for color change? The bio- 
chemist has to do only with the origin 
and composition of the pigments here 
concerned. The physiologist is interested 
primarily in the working of the mecha- 
nism. But the naturalist wishes also to 
know what role this plays in the life of 
the organism. That it plays some impor- 
tant réle can hardly be doubted. Some 
substances which occur in the animal 
body may be dismissed as mere by- 
products of metabolism, and some struc- 
tures may reasonably be regarded as 
functionless, at least at the present mo- 
ment of evolution. But a complicated 
mechanism, consisting of many interre- 
lated parts, can hardly be treated in any 
such summary fashion, particularly 
when it has been evolved independently 
in several different major divisions of the 
animal kingdom. And the fact that 
these changes of color are predominantly 
in the direction of rendering the animals 
inconspicuous can be ignored only by 
those who are not disposed to face the 
facts. 

Unfortunately, there appear to be a 
number of such persons in existence and 
these have been vociferous in their asser- 
tions. Several biologists in different 
parts of the world have intermittently 
cudgeled the entire ‘‘protective colora- 
tion’’ hypothesis as being ‘‘anthropo- 
morphie,’’ ‘‘teleological’’ and unworthy 





of serious consideration by scientific men. 
It is not my intention here to enter into 
this controversy in any general way. 
Indeed, I am ready to admit that a cer- 
tain fraction of the criticism is valid. I 
will merely refer, in conclusion, to some 
rather recent experiments of my own 
which show beyond cavil that the capac- 
ity of a fish to adjust its color scheme to 
its background may be of decisive value 
in determining the animal’s survival.* 

The experiments in question were con- 
ducted with a small species of fish (Gam- 
busia affinis) as prey, and certain fish- 
eating birds and carnivorous fishes as 
predators. The fishes used as prey were 
first ‘‘conditioned’’ by being kept in 
black or white tanks for considerable 
periods, until their dark or pale liveries 
were fixed to the extent that individuals 
of different history could still be distin- 
guished from one another after some 
hours’ sojourn upon a common back- 
ground. Throughout a considerable and 
varied series of experiments, the preda- 
tors uniformly devoured a much larger 
proportion of the more conspicuous type 
of fish offered to them, even though both 
types were plainly visible, at least to the 
human eye. 

To many, the inevitability of such re- 
sults as these may seem quite obvious, 
and to such, indeed, the experiments 
themselves may appear altogether super- 
fluous. But they could hardly be so re- 
garded by those who continue to deny 
the effectiveness of all ‘‘so-called pro- 
tective adaptations. ’’ 

4 Proc. Nat. Acad. Sci., 20: 559-564, 1934; 
ibid., 21: 345-353, 1935; Amer. Nat., 69: 245- 
265, 1935. 
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THE CREATIVE YEARS: 


“BEST BOOKS” 


By Dr. HARVEY C. LEHMAN 
PROFESSOR OF PSYCHOLOGY, OHIO UNIVERSITY 


Wuat are the creative years? What 
are the chronological ages at which men 
(and women) are most likely to write 
literary masterpieces? Certain modern 
students of this subject have tended to 
overestimate the literary productivity of 
early youth; others have insisted upon 
the literary fecundity of old age and 
have perhaps exaggerated it. Overstate- 
ment is most likely to occur when an 
investigator merely lists a limited num- 
ber of writers who have done excellent 
writing at some particular age level.’ 
The technique of citing outstanding 
books that have been written by men of 
any given chronological age (and omit- 
ting the perhaps more frequent achieve- 
ment at other age levels) is likely to yield 
an erroneous impression. The question 
is not whether there have been men of a 
given age (or age interval) who have 
produced excellent writing, but whether, 
in proportion to their numbers, men of 
some chronological age levels have pro- 
duced more or less than men of other 
age levels. 

The investigation that is reported 
herein reveals that superior books have 
been published by authors of almost 
every age level beyond early youth. Does 
it necessarily follow that there are no 
significant age differences with reference 
to literary creativity? Must it be in- 
ferred that there is a long period of 
maturity during which the publication 
of literary masterpieces is as likely to 
occur at one age level as at another? The 
present study provides tentative answers 
to the foregoing questions. 


1Cf., in this connection, W. A. N. Dorland. 
The Welfare Magazine, Vol. 18, Part 3, pp. 
1307-1329; 1444-1466, 1927. 


METHOD 

In two previous articles® * the fact has 
been stressed that when age differences 
in creativity are to be studied, it is neces- 
sary to take account of the varying num- 
bers of individuals that are alive at suc- 
cessive age levels. For if more men are 
alive at the younger than at the older age 
levels, the younger age groups might 
publish more outstanding books merely 
because of their numerical 
strength. Accurate conclusions regard- 
ing the chronological ages at which indi- 
viduals have most frequently produced 
literary masterpieces involve therefore: 
(1) Assembling a reasonably large samp- 
ling of very superior books, and 
Determining the average number of these 
books that were published by each age 
group. 

Several additional facts must be con- 
sidered. 
study the entire life work of authors who 
are still living and writing. There is 
no way of knowing what the living writ- 
ers will accomplish during their later 
years. Moreover, books that are hailed 
with acclaim by one’s contemporaries 
may not be regarded as great books by a 
critical posterity. The present study in- 
cludes for the most part, therefore, data 
for deceased writers.* For these the rec- 
ord is complete, and future research will 
probably change it only slightly, if at all. 

Which books should be included in a 
list of ‘‘ best books’’? How can we render 


2 Harvey C. Lehman, THE Screntiric Monta- 
LY, 43: 151-162, 1936. 

8’ Joseph B. Heidler and Harvey C. Lehman, 
The English Journal (College Edition), 26: 
294-304, 1937. 

4 There will be some exceptions to this rule. 
These exceptions will be noted when they oceur. 


greater 


(2) 


It obviously is not possible to 
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a valid decision with reference to this 
question? Probably most readers would 
agree that no one individual is able to 
make a trustworthy decision as to which 
are the world’s best books. At this point 
the writer wishes to express his indebted- 
ness to an unintentional collaborator. In 
1924, Mr. Asa Don Dickinson, librarian 
of the University of Pennsylvania, made 
a composite study of more than 50 “‘ best 
book’’ lists. Dickinson made his study 
because he believed that his compilation 
would eliminate questionable titles. To 
quote from his own statement: 


No single authority is an absolutely safe 
guide. ... By a careful collation of a large 
number of authoritative lists we can sift out 
the questionable titles, and be sure that no in- 
dispensable ones have been overlooked. It is by 
this laborious process that the One Thousand 
Best Books described in the following pages 
have been chosen.5 


For studying the chronological ages at 
which best books have been most fre- 
quently published, a decided advantage 
is obtained by utilizing a composite list 


such as that of Dickinson. When they 
were making their original selections, the 
various compilers whose work was inves- 
tigated by Dickinson were apparently not 
thinking of age differences in creativity. 
It is therefore probable that, collectively, 
the compilers exhibited no bias for or 
against any particular age group. This 
point is an important one for, when 
studying the relative creativity of per- 
sons of different chronological age levels, 
the investigator should divest himself of 
all bias. This impartial attitude is most 
likely to be maintained when the compiler 
is thinking not of age differences but 
solely of literary merit. 


LITERARY MASTERPIECES 


Fig. 1 presents the chronological ages 
at which 224 significant books were first 
published by 101 noted authors. Each 


5 Asa Don Dickinson, ‘‘One Thousand Best 
Books,’’ p. xii. Garden City: Doubleday, Page 
and Company, 1925. Pp. xvii + 416. 


of the 224 titles employed in the construc- 
tion of Fig. 1 appears on 8 or more of the 
best book lists studied by Dickinson. 
These 224 books are obviously works of 
very superior merit. Because each of the 
224 books appears on 8 or more of the 
best book lists, they will be referred to 
hereinafter as ‘‘Grade 8’’ books. Simi- 
larly, the expression ‘‘Grade 12,’’ as used 
in this discussion, applies to books which 
appear on 12 or more of the best book 
lists studied by Dickinson. The fore- 
going system of notation will make for 
brevity of expression. 

In studying Fig. 1 it should be borne 
in mind that this figure presents the 
average number of Grade 8 books per 
chronological age level. Adequate al- 
lowance is thus made for the relatively 
large number of authors alive at the 
younger age levels. For example, in ob- 
taining the data set forth in Fig. 1, it 
was found that at the age interval 40 to 
44 inclusive, the average number of 
Grade 8 books per author was .1004, 
whereas, at the age interval 65 to 69 in- 
clusive, the average number of Grade 8 
books had fallen to .0125. In Fig. 1 the 
curve is so drawn as to be only about 
one eighth as high at ages 65 to 69 as at 
ages 40 to 44, thereby indicating that 
average productivity was only about one 
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Fig. 1. AVERAGE NUMBER OF BEST BOOKS BY 
AUTHORS DURING EACH FIVE-YEAR INTERVAL OF 
“HEIR LIVES. THIS GRAPH IS BASED ON FIRST 
PUBLICATION OF 224 SIGNIFICANT BOOKS WHICH 
WERE WRITTEN BY 101 NOTED WRITERS. 
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eighth as great at ages 65 to 69 as at 
ages 40 to 44.° 

If, regardless of the number of authors 
that remained alive, the older writers 
had published books of Grade 8 quality 
at the same average rate as did the writ- 
ers of ages 40 to 44 inclusive, the curve in 
Fig. 1 would remain as high at the older 
age levels as it is at the age interval 40 
to 44 inclusive. Actually, the curve in 
Fig. 1 descends markedly after attaining 
its peak at the age interval 40 to 44. 

Why does this marked descent in the 
curve of Fig. 1 occur? Is this decrement 
due to the phenomenon of old age? It is 
commonly supposed that the technique 
of producing literary masterpieces is one 
that is acquired slowly and painfully. 
One might logically have anticipated, 
therefore, that, having acquired this de- 
sirable and rather rare technique, the 
capable author would continue to employ 
it over a period of many years. This, of 
course, does occur in the case of some 
few authors. It does not occur, however, 


in the majority of instances. 
In Fig. 1 a small polygon may be seen 


at the extreme right of the curve. This 
phenomenon is due solely to the fact that 
the second part of Goethe’s ‘‘ Faust’’ was 
published when Goethe was more than 80 


6 In constructing the graphs that accompany 
this article, the data were reduced to a percent- 
age basis by the following procedure. The peak 
of each statistical distribution was arbitrarily 
assigned a value of 100 per cent., and the other 
averages within the same statistical distribution 
were assigned proportionate percentage values. 
For example, in Fig. 1, the peak of the distri- 
bution occurred at ages 40 to 44, inclusive. At 
this latter age interval the average number of 
books per author was .1004. In Fig. 1 the 
decimal .1004 is plotted therefore as 100 per 
cent. At the age interval 65 to 69, inclusive, 
the average number of books per author was 
.0125. This latter decimal fraction is equiva- 
lent to 12 per cent. of the maximum produc- 
tion (12 per cent. of .1004) and in Fig. 1 the 
decimal .0125 is therefore plotted as 12 per 
cent. The foregoing procedure offers several 
advantages and it presents no serious disad- 
vantages if the method of plotting is borne in 
mind when interpreting the graphs. 


years of age. Since, of the 101 authors 
whose works were employed in the con- 
struction of Fig. 1, only a very few were 
alive at age 80, Goethe’s single publica- 
tion at this advanced age interval yielded 
an average of .015 for writers of ages 80 
to 84, inclusive. Study of the statistical 
distribution that is pictured in Fig. 1 
reveals, however, that the publication of 
a work of such great merit by a writer 
who is more than 80 years of age is most 
unusual. Indeed, appropriate computa- 
tion suggests that, if an author is destined 
to produce a book of such unusual merit 
as to be chosen by 8 or more compilers of 
best book lists, the chances are much less 
than one to a thousand that the author 
will first publish the book when he is 
beyond 80 years of age.’ 

Fig. 2 reveals the age intervals during 
which superior books of varying orders 
of merit were first published. In Fig. 2 
the following characteristics are perhaps 
worthy of notice. (1) All four curves 
reach their peaks during the forties and 
three of the four curves attain their 
peaks prior to age 45. (2) The four 
curves all exhibit rapid descent prior to 
age 50, and (3) at ages 55 to 70 there 
seems to be a tendency for the curves 
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Fig. 2. AVERAGE NUMBER OF BEST BOOKS BY 
AUTHORS DURING EACH FIVE-YEAR INTERVAL OF 
THEIR LIVES. 


7 At the time of publishing the second part of 
‘*Faust’’ Goethe was 81 years of age. This 
chronological age is 3.56 standard deviations 
above the mean of the statistical distribution 
that is pictured in Fig. 1. 
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that picture the very best work to descend 
most rapidly with advance in age. Thus, 
from ages 55 to 70 the curve for books 
which were placed on 12 or more best 
book lists falls off more rapidly than does 
the curve for books which were placed 
on only 8 or more lists. And the curve 
for books which received 8 or more en- 
dorsements falls off slightly more rapidly 
than does the curve for books which re- 
ceived only 6 or more endorsements. 
This tendency for very superior publi- 
eation to cease at slightly younger 
chronological age levels than does pub- 
lication of somewhat lesser merit will 
receive later comment. 


An AvutHor’s OnE Best Boox 

Fig. 3 sets forth the chronological ages 
at which certain noted authors first pub- 
lished their one best book. In obtaining 
data for the construction of this figure it 
was assumed that the one title by a par- 
ticular author which appeared most fre- 
quently on the best book lists was that 
author’s best book. Several other rules 
were adhered to in making the selections. 
For example, authors who published no 
book which received as many as 4 en- 
dorsements were omitted. Other writers 
were omitted when two or more of the 
books on their lists were tied for first 
place. In such instances it was not pos- 
sible to select the author’s one best book. 
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Fig. 3. CHRONOLOGICAL AGES AT WHICH 241 
NOTED AUTHORS FIRST PUBLISHED THEIR ONE BEST 
BOOK, AND CHRONOLOGICAL AGES AT WHICH 80 
MORE HIGHLY NOTED AUTHORS FIRST PUBLISHED 
THEIR ONE BEST BOOK. 


By means of the procedure that is 
described in the preceding paragraph the 
following data were obtained for Fig. 3: 
(1) The chronological ages at which 80 
authors first published what is probably 
their one best book, each of the 80 titles 
having been endorsed 8 or more times, 
and (2) the ages at which 241 authors 
first published their one best book, each 
of the 241 books having received 4 or 
more endorsements. In Fig. 3 both 
curves attain their peaks at the age in- 
terval 35 to 39, inclusive. And the curve 
for the better books (those of Grade 8) 
rises more slowly and falls off more rap- 
idly than does the curve for books of 
Grade 4.° This phenomenon again sug- 
gests that the very best books tend to be 
published during a somewhat narrower 
span of life than do the aggregate 
thereof. 


LONG-TERM Best SELLERS 


Best sellers are not necessarily best 
books. Nevertheless, best sellers that 
maintain their popularity over a long 
period of time are books that make a 
strong appeal to humanity in general. 
Therefore, it will probably be granted 
that, even though best sellers are not 
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Fig. 4. AVERAGE NUMBER OF BEST SELLERS BY 
AUTHORS DURING EACH FIVE-YEAR INTERVAL OF 
THEIR LIVES. THIS GRAPH PRESENTS DATA FOR 
47 AUTHORS, WHO WROTE 60 BOOKS, EACH OF 
WHICH HAVE HAD SALES OF MORE THAN 500,000 
SINCE 1875. 


8 ‘Grade 8’’ books are those which appear on 
8 or more of the best book lists studied by Dick- 
inson; ‘‘Grade 4’’ books are those which appear 
on 4 or more of the best book lists. 
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necessarily best books, long-term best 
sellers are worthy of study. What are 
the chronological ages at which authors 
have most often produced long-term best 
sellers ? 

In The Publishers Weekly for April 
21, 1934, Mr. E. A. Weeks® lists 65 books, 
each of which have had sales of more 
than 500,000 copies since 1875. Some of 
the books that are included in the Weeks 
list have achieved scores of editions; 
some of them have been printed and sold 
by the million. Fig. 4 sets forth the ages 
at which 47 different authors first pub- 
lished 60 of the 65 best sellers that are 
listed by Weeks.*® In proportion to 
their numbers, authors publish long-term 
best sellers most frequently when they 
are not more than 40 to 44 years of age.” 
Note the phenomenal descent of this 
eurve from ages 42 to 52! To what is 
this very marked descent to be attrib- 
uted ? 


Best Booxs sy WoMEN 


Lists of best books by women writers 
have not often appeared. In 1933, how- 
ever, a committee acting for the National 
Council of Women of the United States 
published a list of best books by Ameri- 
ean women.*? What were the chronologi- 
eal ages at which these American women 
first published" their best books? Fig. 5 
presents the data. Because of the small 

® Edward A. Weeks, The Publishers Weekly, 
125: 1503-1507, 1934. 

10 For the five other books that were listed by 
Weeks, dates of first publication were not avail- 
able. 

11 Data for a few living authors were em- 
ployed in the construction of Fig. 4. In this 
instance the utilization of such data was thought 
to be allowable, since the large sale of the books 
is already an accomplished fact. 

12 Anita Browne (Chairman), ‘‘ The One Hun- 
dred Best Books by American Women During 
the Past Hundred Years: 1833-1933.’’ Chi- 
eago: Published by Associated Authors Service. 
1933. Pp. 128. 

13 In this manuscript the words ‘‘first pub- 
lished’’ refer not to a given author’s first pub- 
lication but to the year during which a given 
book first appeared in print. 
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AVERAGE NUMBER OF BEST BOOKS BY 
DURING EACH FIVE-YEAR IN- 


Fig. 5. 

AMERICAN WOMEN 

TERVAL OF THEIR LIVES. 

UPON DATE OF FIRST PUBLICATION OF THE 100 

BEST BOOKS BY AMERICAN WOMEN DURING THE 

PAST 100 YEARS 1833-1933. (MANY OF THE 
AUTHORS ARE STILL LIVING.) 


THIS GRAPH IS BASED 


authors that would 


available, it 


women 
been 


number of 
otherwise have 
necessary in the construction of Fig. 5 
to include data for a number of living 
writers. In Fig. 5 the peak of the curve 
occurs at ages 35 to 39, inclusive. 


was 


APPRAISAL OF THE WoRKS OF CoN- 
TEMPORARY WRITERS 

The Committee on College Teaching 
of the National Council of Teachers of 
English recently prepared a list of best 
books.** Some of the authors of these 
latter books are still living ; many of them 
are long since deceased. Data were avail- 
able for 337 books by 203 
authors and for 396 books by 285 living 
authors. The average number of books 
per author was practically the same for 
the two groups, namely, 1.39 and 1.66. 
Fig. 6 reveals that, as compared with the 


deceased 


age-curve for the deceased, the curve for 
the living writers tends to ascend some- 
what more slowly and it tends also to 


sustain itself longer at the older age 
levels. 
Fig. 6 conveys the suggestion that 
14 Atwood H. Townsend (Chairman), ‘‘Good 
Reading.’’ Prepared and published by the com- 
mittee on College Reading, for the National 
Council of Teachers of English. New York: 


Copyright by the Committee. 1935. Pp. 79. 
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Fie. 6. AVERAGE NUMBER OF BOOKS ‘‘ WORTH 

KNOWING’’ WHICH WERE PUBLISHED DURING EACH 

FIVE-YEAR INTERVAL (1) BY LIVING AUTHORS, 
AND (2) BY DECEASED AUTHORS. 


superior books that are written by young 
living authors (who are likely to be un- 
known) tend to be rather slowly recog- 
nized. On the other hand, the writings 
of older living authors (who more fre- 
quently have established their reputa- 
tions) tend to be overrated. If we accept 
the judgment of posterity as the more 
valid criterion, it seems probable that a 
halo effect influences appraisal of the 
works of older living authors more fre- 
quently than it influences evaluation of 
the works of deceased writers. Possibly 
this phenomenon helps to explain why 
investigators have often failed to discern 
the very marked age differences that 
exist with reference to the writing of 
best books. 


SELECTIVE BIBLIOGRAPHIES 

In preparing lists of allegedly supe- 
rior literary works, some compilers list 
practically everything that a given 
author has published. Other compilers 
carefully avoid completeness and pride 
themselves on the fact that their bibli- 
ography is really selective. What is 
found when data are procured from bibli- 
ographies that vary widely in the degree 
to which they are selective? 


Fig. 7 sets forth for four national, 


groups the average number of books that 
were published per five-year interval 
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Fig. 7. CHRONOLOGICAL AGES AT WHICH THE 
MORE NOTED AUTHORS OF FOUR COUNTRIES FIRST 
PUBLISHED THEIR MORE SIGNIFICANT LITERARY 
WORKS. THIS GRAPH IS BASED UPON DATA FOR 
149 FRENCH AUTHORS, 152 GERMAN AUTHORS, 
543 ENGLISH AUTHORS AND 330 AMERICAN 
AUTHORS. 


when the data are obtained from truly 
selective bibliographies.*****"** Fig. 7 
presents graphically the following data: 
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Each of the bibliographies employed 
for obtaining the data set forth in Fig. 7 
contains an average of less than 5 books 
per author. Notice that the resultant 
age curves are fairly consistent for the 
four national groups.*® 

15 B. M. Fullerton, ‘‘Selective Bibliography 
of American Literature: 1775-1900.’’ New 
York: William Farquhar Payson. 1932. Pp. 
xii + 327. 

16G, M. Priest, ‘‘A Brief History of German 
Literature.’’ New York: Charles Scribner’s 
Sons. 1909. Pp. xii+ 366. 

17 Frederick Ryland, ‘‘ Chronological Outlines 
of English Literature.’’ London: Maemillan 
and Company, 1910. Pp. xii +351. 

18 K, T. Butler, ‘‘ A History of French Litera- 
ture.’’ London: Methuen and Company, Ltd., 
1923. In two volumes. Pp. xiii + 496; viii + 395. 

19 The data for the British authors were sub- 
divided into four groups on the basis of the 
periods when the authors were born. The curves 
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Less DIscRIMINATING BIBLIOGRAPHIES 

What type of curve is obtained when 
data are secured from bibliographies that 
are much less selective? Fig. 8 sets forth 
data that were obtained from four bibli- 
ographies which vary widely in the de- 
gree to which they are selective.”® **-** * 
In each instance, the more selective the 
bibliography, the more rapidly does the 
resultant age-curve descend after the 
age interval 40 to 44 is reached. One 
can easily understand why the curves 
that picture a larger number of books 
per author tend to remain high at most 
age levels. It requires many years of 
effort to produce large numbers of books. 
But why do the peaks of production for 
the more carefully selected titles occur 
so consistently before rather than after 
age 45? 


QUALITY VERSUS QUANTITY 
Some may wonder whether the differ- 
ences in the shapes of the curves of Fig. 8 
may not be due in part at least to the 
fact that different groups of authors 


wrote the books that were used as a basis 
for constructing the curves. The avail- 
able data seem to indicate that the fore- 
going explanation is inadequate. For 
example, in Fig. 9 the solid line sets 
forth the chronological ages at which 152 
German authors first published 461 of 
their best works, the latter being found 





that were constructed with each of the four sets 
of data exhibited marked similarity both to the 
curves that are shown in Fig. 7 and to one an- 
other. It seems evident that the data which 
were employed for constructing the age-curve 
for the British authors possess internal consis- 
tency. 

20 G. M. Priest, ‘‘A Brief History of German 
Literature.’’ New York: Charles Scribner’s 
Sons. 1909. Pp. xii + 366. 

21 Stanley J. Kunitz, ‘‘Authors To-day and 
Yesterday.’’ New York: The H. W. Wilson 
Co., 1933. Pp. vii+717. 

22 Paul Harvey, ‘‘The Oxford Companion to 
English Literature.’’ Oxford at the Clarendon 
Press. 1933. Pp. viii + 864. 

238. L. Whiteomb, ‘‘Chronological Outlines 
of American Literature.’’ New York: The 
Maemillan Co., 1906. Pp. xi +285. 
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Fig. 8. AGE CURVES OBTAINED FROM BIBLIOGRA- 
PHIES WHICH VARY AS REGARDS THE EXTENT TO 
WHICH THEY ARE SELECTIVE. 
in a highly selective bibliography which 
lists an average of only 3.03 works per 
author. The dash line in Fig. 9 presents, 
on the other hand, the ages at which the 
same 152 German authors first published 
an aggregate of 2,935 literary works,”** 
the average number of works per author 
being 19.31. In Fig. 9 the dash line 
might be said to reveal quantity of pro- 
duction; the solid line reveals on the 

other hand quality of production. 

In Fig. 9 the curve for the production 
of the better books ascends slightly more 
slowly than does the curve for the aggre- 
gate. This phenomenon suggests the ex- 
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Fig. 9. THE SOLID LINE SETS FORTH THE AVER- 

AGE NUMBER OF THEIR BEST WORKS THAT WERE 

PUBLISHED BY 152 GERMAN AUTHORS DURING 

EACH FIVE-YEAR INTERVAL OF THEIR LIVES. THE 

DASH LINE REVEALS HOW THESE SAME 152 GER- 
MAN WRITERS CONTINUED TO PUBLISH. 


24 Wilhelm Kosch, ‘‘Deutsches Literatur- 
Lexikon: Biographisches und Bibliographisches 
Handbuch.’’ In Zwei Bande. Halle: (Saale) 
Max Niemeyer Verlag. 1927. 
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istence of a brief practice period. Dur- 
ing this practice period books are being 
written, but posterity seems not to regard 
these earliest productions as great books. 
It seems apparent also that, although the 
152 German authors continued to pub- 
lish during their later years,” their later 
works are less likely to be included in 
highly selective bibliographies than are 
the works that were published by them 
at somewhat younger ages. 

In Fig. 10 a similar situation is found 
to exist. In this figure the solid line pre- 
sents the chronological ages at which 65 
contemporary British and American 
authors first published 154 starred books. 
The data used in the construction of Fig. 
10 were obtained from two books by Man- 
ley and Rickert®**’ of the University of 
Chicago. These compilers have indicated 
the contemporary books which they re- 
gard as most outstanding by means of 
stars or asterisks. The dash line in Fig. 
10 sets forth, for the same 65 contem- 





154 starred books 
1,277 books both starred 
and unstarred 
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Fie. 10. AVERAGE NUMBER OF ‘‘STARRED’’ BOOKS 
(AND AVERAGE NUMBER OF BOTH STARRED AND UN- 
STARRED BOOKS) PUBLISHED BY CONTEMPORARY 
BRITISH AND AMERICAN AUTHORS DURING EACH 
FIVE-YEAR INTERVAL OF THEIR LIVES. DATA FROM 
MANLEY AND RICKERT. 


25 This finding suggests that the decline in the 
quality of their writing at the older age levels 
was not due to obvious bodily infirmities or to 
gross physical weakness. 

26 J. M. Manley and E. Rickert, ‘‘ Contem- 
porary British Literature.’’ New York: Har- 
court, Brace and Co., 1928. Pp. 345. 

27 J. M. Manley and E. Rickert, ‘‘ Contem- 
porary American Literature.’’ New York: Har- 
court, Brace and Co., 1929. Pp. viii +378. 
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Fig. 11. DATA FOR THE 25 MOST INFLUENTIAL 

BOOKS PUBLISHED SINCE 1885. ESTIMATES MADE 

BY EDWARD WEEKS, JOHN DEWEY AND CHARLES 

A. Bearp. EACH BOOK HAS BEEN COUNTED AS 
OFTEN AS IT WAS LISTED. 
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porary authors, the chronological ages 
at which they first published 1,277 works; 
the latter figure includes both starred and 
unstarred publications. Fig. 10 suggests 


once again that the very best examples of 
belle lettres are likely to be published 
during a somewhat narrower span of 
years than are works of lesser merit. 


THE Most INFLUENTIAL Books 
Since 1885 

Separate lists of what they believe to 
be the 25 most influential books that have 
been published since 1885 have been pre- 
pared recently by E. A. Weeks, by John 
Dewey and by Charles A. Beard.” 
When each book is credited as many 
times as it was endorsed by the three 
judges, Fig. 11 is obtained. In Fig. 11 
the peak occurs from ages 35 to 39 inclu- 
sive. 


CoNcCLUDING REMARKS 


The chronological ages at which men 
have most frequently published books 
that are good and that are permanently 
great can be ascertained by assembling 
data, separately for the various age 
groups, and by scrutinizing the perform- 
ance record of each age group. In mak- 


- ing such a study it is desirable to utilize 


28 Edward A. Weeks, The Atlantic Monthly, 
155: p. 28, 1935. 
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TABLE I 
SUMMARY OF FINDINGS WITH REFERENCE TO THE PRODUCTION OF Best Books 








Source of data 


Data used 
in 





1—Dickinson 


2—Dickinson 


‘ 


4—Weeks 
5—Lrowne 


. 6—Townsend 
*Fig. 6—Townsend .......- 
Fig. 7—fullerton 
Fig. 7—Priest 
Fig. 7—Ryland 
Fig. 7—Butler 


Fig. 
*Fig. y 
*Fig. 8—\hitcomb 

Fig. 8—<unitz 


Fig. 9—Priest 
Fig. 9—Kosch 


*Fig. 10—Manley and Rickert 
*Fig. 10. “ “ “ 


*Fig. 11—Weeks 





No. of books 
No. of authors 
Average books 


per author 
Median age 
Mean age 
Standard 
deviation 
Years of 
maximum 
productivity 
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9.60 
10.03 
11.15 
11.40 


bobo 
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Obs 
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11.25 
10.28 


9.60 


337 
396 


843 
461 
2,250 
376 


461 
673 
1,157 
2,191 


Dw bob 


38.90 
44.61 


461 


2,935 


toto 


44.00 


* Data for some living authors are included in these curves. 


the evaluations of specialists, of literary 
eritics and historians. In the investiga- 
tion that is reported herein, the writer 
has adhered to the foregoing postulates. 
He has accepted the judgment of special- 
ists who published their evaluations 
under their own names and who must 
therefore have felt some responsibility 
for making just evaluations. 

The assembled data suggest that liter- 
ary masterpieces of the first rank have 
been published most frequently by men 
who were not over 45 years of age at the 
time their best books appeared in print. 
For six age-curves that are based upon 
highly selective bibliographies maximum 
productivity occurs at age 37; for eight 
other such curves the peaks occur at age 
42. But the foregoing figures are based 
upon the dates on which best books were 


first published. Books must be written 
before they can be published. And an 
author sometimes encounters difficulty 
and delay when trying to find a pub- 
lisher. The dates of first publication 
therefore fail to tell the chronological 
ages of the authors at the time they were 
writing their best books. Because of the 
prodigious labor that such a task would 
entail, the present writer has not at- 
tempted to ascertain dates of composition 
for all the best books that have been 
studied herein. However, a few dates 
of composition are available. Although 
fragmentary, these data make it seem 
highly probable that best books have been 
written most frequently by authors who 
were still in their thirties. 

There are of course many exceptions 
to this latter statement, and there seems 
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TABLE II 
AVERAGE NUMBER OF CONTRIBUTIONS PER FIVE-YEAR INTERVAL* 











Chronological age interval 





70— 7T5— 80— 85-— 





15— 20- 25- 30- 35- 40- 45—- 50- 55—- 60- 65- 
19 24 29 34 39 44 49 54 59 64 69 74 79 S4 8Y 
ie Ca Boo” 008 .034 .049 .073 .100 .091 .056 .043 .025 .012 .005 — 015 
——_—_— me, Be 007 .030 .064 .057 .105 .097 .057 .024 .012 .010 .— — .0384 
—-- — Fig. 2.. .008 .034 .049 .073 .100 .091 .056 .043 .025 .012 .005 .— .015 
-— — — Fig. 2.. 007 .039 .052 .067 .081 .082 .051 .042 .032 .028 .007 — .01T 
weer reece wa Bee .007 .030 .052 .063 .075 .072 .044 .039 .033 .027 .011 .003 .O11 
—_——— Fig. 3.. 003 .014 .026 .036 .034 .036 .021 .022 .015 .015 .005 —— .006 
— — — Fig. 3.. 003 .010 .020 .046 .041 .035 .020 .019 .016 .009 .006 .— - 
—_—_-——— Fig. 4ft. .004 .021 .034 .040 .081 .055 .011 .019 .024 .015 - —— 
—_—__—_—_——- Fig. 5t. .004 .014 .036 .038 .023 .031 .025 .009 .020 .020 .011 .010 .— 
———_——— Fig. 6.. 007 .024 .037 .063 .055 .056 .042 .029 .038 .017 .013 .020 .018 .057 
— — — Fig. Gf. — .018 .029 .060 .068 .062 .055 .052 .043 .059 .058 .021 .—— 
—_———— Fig. 7.. .001 .023 .060 .092 .097 .089 .081 .055 .045 .018 .011 .010 .007 .009 
--——-——— Fig. 7.. .003 .025 .081 .124 .110 .113 .056 .035 .053 .033 .024 .011 .035 .016 
wee eeneee Fig. 7.. .007 .050 .106 .123 .128 .187 .111 .087 .069 .068 .054 .037 .047 .019 .033f 
- — — — Fig. 7.. .003 .016 .055 .072 .090 .093 .066 .054 .027 .037 .031 .032 .012 .015 
— -—- —— Fig. 8.. .003 .025 .081 .124 .110 .113 .056 .035 .053 .033 .024 .011 .035 .016 
—_ — -1— — Fig. 8t. .003 .023 .097 .161 .227 .188 .157 .151..125 .092 .069 .034 .043 .—— 
cae eeeee Fig. 8. .015 .055 .158 .232 .230 .236 .239 .198 .178 .164 .206 .187 .145 .157 .118 
—— Fig. 8f. — .087 .331 .683 .738 .771 .851 .760 .760 .762 .861 .606 .636 .400 
—_—_——— Fig. 9.. .003 .025 .081 .124 .110 .113 .056 .035 .053 .033 .024 .011 .035 .016 
— — — Fig. 9.. .045 .211 .383 .475 .448 .522 .463 .439 .490 .463 .420 .483 .317 .226 .125 
- — Fig. 10+. 040 .062 .075 .111 .0O7T7 .061 .081 .096 .035 .022 
— — — Fig. 107. 055 .246 .542 .617 .752 .716 .619 .733 .536 .435 .261 .304 .375 
Fig. 11f. .004 .044 .072 .068 .047 .045 .006 .040 .027 — = — 
* The peak of each statistical distribution is italicized. 
+ Data for some living authors are included in these distributions. 
t The average for the succeeding five-year interval, namely, for ages 90 to 94 inclusive, is .050. 
to be no fixed age limit beyond which out- rence is not at all typical but most 


standing literary work can not be done. 
Perhaps it will be better for us to discard 
the habit of thinking in terms of age 
limits or even in terms of average ages. 
The creative years may be envisaged best 
not by reference to a simple average or 
to an age-range but rather by study of 
age-curves (or statistical distributions) 
which reveal trends and probabilities 
rather than fixed age limits.*° Certainly, 
some writers have produced great books 
at relatively advanced ages. However, 
this phenomenon is not a frequent oc- 
currence, and those who are much im- 
pressed by the fact that the second part 
of Goethe’s ‘‘ Faust’’ was first published 
when Goethe was more than 80 years of 
age should recognize that such an occur- 


29 Unfortunately, only a very small numbe 
of such age-curves are available. ' 


unusual.*° 

In attempting to interpret the age- 
curves that are presented herein the pres- 
ent writer has questioned several experts 
whose judgment should merit careful 
consideration. A copy of Fig. 9 was sent 
to an eminent literary historian. The 
historian was asked whether it did not 


80 Although Part II of Goethe’s ‘‘ Faust’’ is 
cited frequently as proof of the fact that men of 
advanced years are capable of producing excel- 
lent literature, it is worthy of mention that Part 
I of ‘*‘ Faust’’ is more often quoted as an ex- 
ample of excellent writing. Moreover, the fol- 
lowing remark by a widely known scholar whose 
name appears in the bibliography of this article 
is of interest. ‘‘ Many literary historians think 
that the works which Goethe wrote between 1770 
and 1780 [ages 21 to 31] were never equalled by 
him later, an opinion which can be defended 
effectively.’’—-Unpublished personal communi- 
cation. 





seem preposterous that in Fig. 9 the peak 
for quality of production appears earlier 
than the high point for quantity of pro- 
duction. In commenting upon Fig. 9 
the literary historian stated that he was 
not surprised at this finding. On the 
contrary, he expressed surprise at the 
surprise of the present writer. His 
statement follows : 


The surprise which you express in your letter 
of Feb. 14th ‘‘that quality of output precedes 
quantity of output’’ surprises me in turn. I 
ean easily believe that this finding is a valid 
one. . . . It is normal and natural that a young 
man has much more mental and physical energy 
than later on in his life. He often feels himself 
the bearer of an epoch-making message and 
therefore proceeds to the expression of his mes- 
sage with all the intense conviction and concen- 
tration of a gifted youth. Very soon, however, 
that fire dies down, at least to some extent, and 
his later works reveal perhaps that he was a man 
of a single message, in any case that he has 
grown steadier, more restrained and conse- 
quently more prosaic and probably duller. .. . 
I have come to this conclusion largely on the 
basis of my study of biography. 


Do the decrements at the older chrono- 
logical age levels imply a corresponding 
decrement in the ability to write best 
books? There are at least two excellent 
reasons for rejecting this hypothesis. In 
the first place, the post hoc ergo propter 
hoc fallacy should be avoided. Secondly, 
we are dealing here not with sheer ability 
but with actual concrete performance. It 
seems obvious that outstanding potential 
ability must be present in the individual 
who produces literary masterpieces. It 
is by no means clear, however, that 
failure to produce is due necessarily to 
inability to produce. We know only 
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that, for some one or more reasons, the 
noted authors, although they continued 
to write, failed to produce best books as 
frequently at the older as at the younger 
age levels. Probably most students of 
psychology would agree that such a com- 
plex behavior as the production of best 
books is due to numerous causal factors. 
The decrement at the older age levels 
might be due therefore to any one or 
more of a very large number of possible 
causes.** 

For most readers it will not be neces- 
sary to state that psychology has no fault 
to find with the gifted writers because 
these writers failed during their later 
years to maintain the quality of their 
writing. Students of human behavior 
are interested primarily in acquiring a 
better understanding of their subject- 
matter. With this end in view they 
endeavor to assemble trustworthy and 
significant behavior data. It would be 
puerile for psychologists to find fault 
with the behavior which they are seek- 
ing to understand. Probably no psy- 
chologist would assert that authors exist 
for the sole purpose of producing best 
books. Certainly, the present writer har- 
bors no such belief. 


81 The fact that most of the authors continued 
to write during their later years indicates that 
they had not lost all desire to write. On the 
other hand, they may not have been maximally 
motivated during their later maturity. Possibly 
something akin to the law of diminishing returns 
may have been operating at this time. C/. in 
this connection Thorndike’s excellent discussion 
of why adults often fail to continue to learn 
after they have attained adulthood. See E. L. 
Thorndike, E. O. Bregman, J. W. Tilton and E. 
Woodyard, ‘‘Adult Learning.’’ New York: 
The Macmillan Co., 1928. Pp. x +335. 








NATURAL HISTORY EXHIBITS AND 
MODERN EDUCATION 


By Dr. ROBERT CUSHMAN MURPHY 
AMERICAN MUSEUM OF NATURAL HISTORY 


Lorp Grey of Fallodon once remarked, 
during a visit to the American Museum 
of Natural History, ‘‘I would gladly 
cross the ocean for the sake of four hours 
in this institution.’’ 

The enthusiastic comment relates ob- 
viously to the museum’s exhibits, which, 
although far from constituting the whole 
organization, take first place in the con- 
ception of any public museum. From 
an analysis of the budget of the Ameri- 
can Museum throughout several years, 
it appears that two thirds of every dollar 
spent go toward the creation and main- 
tenance of exhibits, the remaining third 
being divided between research and other 
activities. 

It searcely needs pointing out that 
contemporary museums face wide-spread 
competition in their own field of exhibi- 
tion. We live in an age that broadcasts 
its messages largely by the graphic 
method—by display in one form or an- 
other. Fairs, visual demonstrations in 
schools and, perhaps most of all, the de- 
sign and content of what is shown behind 
an infinity of smart shop windows, all 
present challenges that the museum must 
take into account. Exhibits planned in 
the year 1869, when the American Mu- 
seum was founded, could hardly inter- 
pret the natural history of to-day. 

What, then, are the essentials in method 
for a modern natural history museum? 
A great financier, who was also one of the 
founders of the American Museum, once 
made a classic reply to a question put to 
him in court by stating disarmingly that 
character is the basis of credit.1 The 
basis of museum exhibits might be de- 
fined, slightly less tersely, as scholarship 

iJ, Pierpont Morgan, 1837-1913. 


in conception and technique in execution. 
Scholarship must rest, of course, with 
the scientific staff. As regards technique, 
it is well known that the exhibits occu- 
pying so many acres of floor space de- 
pend upon the talent and painstaking 
labor of a long roster of trained men and 
women, who include painters, sculptors, 
engineers, workers in metal, blown glass 
and various plastic materials, tanners, 
taxidermists and artisans possessed of 
phenomenal capacity to make faithful 
copies or scale models of all manner of 
natural objects. At a recent meeting in 
the office of the mayor of New York, at- 
tention was called to the fact that the 
city’s natural history museum has a 
much larger working force than a great 
sister institution devoted to the fine arts. 
In eight words of one syllable, the di- 
rector of the American Museum pre- 
cluded any possible implication of an 
unjust disparity. His comment was, 
“‘They buy their art; we must make 
ours.’’ 

If one were to analyze the character of 
exhibits in a natural history museum, a 
trifold division might be made, although 
the border line separating any of the 
three would be necessarily somewhat 
vague. In the first place, there are on 
view many objects, or representations of 
normal phenomena, which are primarily 
of intrinsic interest. They are in them- 
selves perennially exciting and stimulat- 
ing in varying degree. A few random 
examples of such are the following: 


The bench mark of the United States Geo- 
logical Survey which indicates to a fraction of 


_ second the geographic position of a particular 
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point on the surface of the globe, and its alti- 
tude to the hundredth part of a foot above sea 
level. 
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The north and south polar sledges of Peary 
and Amundsen, respectively. 


The cross section of the California Big Tree. 
(The historical commentary forming part of 
this exhibit brings it also into the third group, 
discussed below.) 


The skeleton of Brontosaurus, mightiest of 
dinosaurs. 


The model of the Blue Whale, a present-day 
mammal far larger than any known prehistoric 
creature. 


The 579 pound shell of a mollusk, Tridacna. 
The reconstruction of the Dodo. 
The Easter Island stone figure. 


The tatooed Maori heads, which at once repel 
as grim trophies of barbarism and attract as 
examples of amazing design. 


The Drummond amber. 


The Cape York meteorites. 


All such factual exhibits as these 
arouse a host of unguessed ideas that 
reverberate through the corridors of 
countless minds. The effect of each is, 
however, unplanned and unpredictable, 
and each is shown chiefly for its own 
sake. Can such exhibits be called static? 
Far from it, partly because there are 
no known limitations to the responses 
aroused by such unelaborated expres- 
sions of truth and, furthermore, because 
there are endless successions and genera- 
tions of new eyes to perceive them. 

A second group of museum exhibits 
might be classified as of primarily timely 
interest, that is, as connected with cur- 
rent news. At intervals of years, the 
reservoirs supplying water to the metrop- 
olis become infested with a microorgan- 
ism that imparts a harmless but un- 
pleasantly fishy odor to the indispensable 
fluid that flows from our taps. Human 
memory is short, besides which there are 
hundreds of thousands of newly arrived 
or newly grown-up urban residents to 
become alarmed. The press, fortunately, 
merely has to consult its old files in order 
to explain the recurrent circumstances. 
The glass model of Synura uvella, a co- 
lonial flagellate enlarged ten-thousand- 


fold, is brought from its systematic posi- 
tion in the Darwin Hall, is given a 
temporary place of honor near the main 
entrance of the museum and is inspected 
by thousands of visitors, who at other 
times might pass it by with no more than 
a casual glance. Their edification, in- 
cidentally, relates not merely to the 
transitory phenomenon of fishy drinking 
water, but also to rhythmic cycles in 
biological productivity, to the power of 
infinitesimal multiply into 
cubic miles of protoplasmic jelly, and to 
the microcosm of life whose universe may 
be a drop of water. 

Many other exhibits of the moment 
have given evidence of their importance. 
The news that the average citizen reads 
in his morning paper sometimes provides 
the museum with opportunities not at- 
tainable through any deliberate cam- 
paign, regardless of the energy and funds 
put into it. Such are to be seized upon 
as educational windfalls. Nor has the 
opportunity yet been more than barely 
tapped, for additional temporary exhib- 
its might well be tied up with such mani- 
festations of an outraged nature as the 
great river floods of 1937. How more 
effectively could we spread a knowledge 
of the projects by means of which Amer- 
icans must repair the damage they them- 
selves have wrought, if civilization is to 
endure in this potentially richest of tem- 
perate continents? 

Finally, we come to a consideration of 
the class of museum exhibits that in- 
volves the major thought of members of 
the staff, namely, those planned to im- 
part to visitors an organized system of 
information. In these the principle to 
be elucidated transcends the interest of 
the objects themselves. The latter are 
bricks in the structure, and the stated 
aim is to build a museum of ideas rather 
than of things. While these are usually 
known as ‘‘permanent’’ exhibits, many 
of them are properly subject to constant 
change. They are in essence dynamic, 
and, as the emphasis in various branches 


specks to 
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of natural history has transformed 
throughout the decades, so has their 
museum interpretation correspondingly 
developed. To the complaint of a mem- 
ber that, during her somewhat infre- 
quent visits to the American Museum, 
the special halls that she wished to in- 
spect had an aggravating way of being 
‘*under repair,’’ the director replied that 
her charge was a compliment. Would 
she, he asked, like to believe that her mu- 
seum was a frozen institution, and that 
cases arranged in 1930 could do full jus- 
tice to the status of knowledge five years 
later ? 

The American Museum’s interpreta- 
tive exhibits range from very simple 
associations of objects or organisms to 
others that might prove within the grasp 
only of persons of considerable education 
and discernment. Persicos odi, puer, 
apparatus! Museum exhibits should 
certainly never be more abstruse or 
complex than absolutely necessary, but 
neither should they be limited to the 
primer stage of science. The latter re- 
striction would be as unreasonable as 
confining a musical program to the level 
of the poorest tastes in the audience. We 
must provide in our museum plan for the 
highest order of intelligent and inquiring 
laymen, including those whom William 
James would designate as the truly 
‘*tough-minded.’’ 

First and most widely advertised 
among natural history displays illustrat- 
ing an association of ideas are, of course, 
the habitat groups. Once installed, these 
are rarely altered, although many have 
been replaced. The conception of such 
exhibits did not originate in this coun- 
try, but they have undergone here their 
fullest development. Incidentally, the 
earliest example in the United States—a 
family of robins nesting in a spray of 
apple blossoms—forms a still effective 
item in the American Museum. It is a 
far ery, indeed, from such a simple in- 


stallation to the great exhibits of the~ 


Coral Reef, the Gorillas of Mount Kivu, 


the Navajo Indians and their ceremonies, 
or the fifteen miniature earth-sections in 
the form of block models which reveal the 
physiography and geologic history of as 
many parts of North America. 

The aims of a habitat group go beyond 
the reconstruction of a ‘‘ pretty picture’’ 
transferred behind glass from the outer 
world. Its purpose ought also to be eco- 
logic, that is, it should elucidate natural 
interrelationships between organism and 
organism, and between all and the phys- 
ical environment. It may deal further 
with a combination of many other things 
—with the life story of both plants and 
animals, or even of minerals which also 
have birth, existence and death, with 
geographic zones, conservation, biological 
adaptation, with history, folklore and a 
wealth of other ideas. Let us cite 
examples: 

Perhaps more visitors to the American 
Museum ask to have the nightingale 
pointed out than is true of any other 
single bird. They can now be best satis- 
fied through the habitat group of En- 
glish bird life. Here, among the beeches, 
holly, gorse and bluebells of the New 
Forest, sits the storied singer, along with 
euckoo and skylark, chaffinch, wood 
pigeon, rook and jackdaw and a host of 
others which belong to us by the divine 
right of literary inheritance. The ex- 
hibit is, indeed, a magic casement. The 
inquiring visitor may learn, furthermore, 
the importance of vast and ancient trees 
(which we have so wantonly eliminated 
from much of our own countryside) with 
relation to the cubic environment that 
birds are capable of filling. Here, then, 
is at least one reason why England has 
a larger bird population than is to be 
found in most other temperate lands. 
One can learn, too, while looking at a 
British titmouse scarcely distinguish- 
able from our American chickadee, some- 
thing of the intimate relationships among 
northern circumpolar forms of life which 
claim Old and New World alike as their 
home. At the dedication of this New 
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Forest group, a delightful suggestion was 
made by Sir Gerald Campbell. How 
happy it will be for international neigh- 
borliness, he remarked, if among the 
generations of Americans who will gaze 
into this Hampshire landscape, with its 
birds of Chaucer and Shakespeare and 
Keats, there is now and again one who 
will be moved to say to himself, ‘‘I must 
cross the ocean soon and find out whether 
Englishmen are worthy of their birds.’’ 

From the universal charm of northern 
springtime, let us turn to the macabre 
and unfamiliar fascination of the bottom 
of the ocean. Two thousand fathoms 
deep, in the inner sanctum of the hall of 
fishes, silvery ratfish glide in and out 
through rotting flesh along the backbone 
of what was once a whale. What may the 
least tutored of visitors really carry away 
from this and adjoining exhibits and 
their labels? That eternity is as black 
as pitch in the abyss of the waters; that 
eyes may avail, nevertheless, because 


some living beings have evolved their 
own lanterns of cold light; that all pri- 


mary sustenance of the depths rains 
down from layers far above, and that the 
bottom population is made up wholly of 
the predatory and cannibalistic; that a 
permanent temperature of melting ice is 
of no moment to animals which need no 
insulation because they have no fixed 
bodily warmth to maintain; that the 
enormous and notorious pressures are 
purely relative and in essence illusory, 
because the only requirement of well- 
being, even for the most delicate of or- 
ganisms, is that the internal pressure of 
its tissues be equal to that of the medium 
outside. 

But habitat groups, however impres- 
sive, can not stand as the final goal of 
exhibition. With the Akeley African 
hall nearing completion and the Whitney 
memorial hall under construction, it is 
likely that the American Museum has 
already attained the ultimate in elabo- 
rate representation of nature in life-size 
seale. Similar exhibits can be built, but 


it is hard to believe that the result can 
be appreciably bettered. The groups 
now on view or projected no doubt 
justify their cost and space for reasons 
already indicated and, even more par- 
ticularly, because in many instances they 
alone can provide posterity with realistic 
glimpses of a primitive world that will 
be no more. A few of the assemblages 
of mounted birds and mammals already 
share at least one thing in common with 
exhibits, for instance, such as the match- 
less weaving of the Incas; animals and 
textiles alike may be said to represent 
something that is finished, something that 
ean never be replaced; it is only in mu- 
seums that future generations may seek 
them. 

The need for distinctly new ap- 
proaches, even in the making of habitat 
groups, has long been recognized, as wit- 
nessed by the American Museum’s Roti- 
fer exhibit, which brings to the naked 
eye the once unimaginable life of a cubic 
centimeter of pond water enlarged a mil- 
lion times! Into other and even more 
dynamic réles of expression, however, the 
trend in exhibits is fortunately leading 
us. The ‘‘things’’ shown become in- 
creasingly units in a diagrammatic 
whole. Selected, rather than random, 
facts are marshalled to point out the sig- 
nificant and omit the trivial. Best of all, 
there is nothing fixed or sacrosanct about 
such exhibits; change rather than per- 
manence is their accepted destiny; an 
arrangement may be scrapped and recast 
as rapidly as new truths warrant the 
step. 

The exhibits of fossil vertebrates, to 
choose an example dating from the early 
years of the American Museum, have 
always comprised a constantly growing 
synthesis of ideas, becoming clearer and 
more meaningful as the strata of past 
worlds have yielded up their treasure. 
Little by little the fragments have de- 
veloped into such wholes as those outlin- 
ing the evolution and distribution of 
horse, camel, rhinoceros, titanothere. 
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The halls are further accented by al- 
most overpowering presences—the rear- 
ing skeleton of Tyrannosaurus, the relief 
model of Baluchitherium. And, finally, 
the several parts are knit together by the 
mural paintings which garb primordial 
bones with the vestments of life and real- 
ity. It would be hard to estimate the 
influence of this single department of the 
museum upon the outlook of modern 
man ; suffice it to say that such a common- 
place vernacular word as ‘‘dinosaur’’ 
was a highbrow term only a generation 
ago. 

To single out among exhibits a few 
additional examples that serve particu- 
larly well the purpose of current scien- 
tific exposition is unfair to a much larger 
number which must here go unmen- 
tioned. It is safe to guess that an inde- 
pendent selection might result in an en- 
tirely different choice. The following 
are a few, listed individually or collec- 
tively, large or small in their respective 
scopes : 

The models in the Morgan memorial hall 
which illustrate the principles of crystallization. 


The exhibits which explain the dating of geo- 
logic time by plotting the relative thickness of 
clay varves deposited seasonally during glacial! 
periods. With these might be linked kindred 
archeological demonstrations of how prehistoric 
man-made structures have likewise been dated 
through the study and correlation of annual 
growth-rings in their ancient timbers. 


The several exhibits dealing with the biology 
of insects and of reptiles and amphibians. 
These not only explode numerous popular mis- 
conceptions but also define with all but wordless 
simplicity a number of the modes, devices and 
causal sequences in nature which, under less 
lucid demonstration, are often difficult to con- 
vey or comprehend. Some of these exhibits 
demonstrate, moreover, the entirely feasible use 
of living organisms for certain museum pur- 
poses. 


The introduction to human and comparative 
anatomy, which begins with the sun and the use 
of its energy by living beings, and progresses 
by logical stages to the function of the human 
brain and the physiology of mental processes. 


Numerous ethnographic exhibits, which at 
once reveal the accomplishments of past or 





primitive peoples and serve as sources for cur- 
rent art and design or as stimuli which bear in 
some other way upon contemporary civilization. 
Here, indeed, are exhibits of ideas which show 
the place of social habits, on the one hand, and 
of geographic environment on the other, in de- 
termining human culture; which show—to pick 
at random—the iron technique that distinguishes 
African Negroes from all other savages; the 
models that point out the high efficiency in prac- 
tical navigation attained by the South Sea 
Islanders; the origin and growth of Central 
American civilizations wholly independent of 
those in the Old World. 


But, beyond all present accomplish- 
ments, we are surely at the threshold of 
a thousand fresh opportunities in mu- 
seum development. The exhibition value 
of many recent discoveries in natural 
history can scarcely be overemphasized. 
Where in any museum is there a scale 
of the universe, or more than passing 
reference to what has been iearned 
about the chemistry of living substance? 
Where can we find in graphic form the 
fundamentals of life in the sea, the prin- 
ciples of animal and plant associations, 
the physical factors regulating life in the 
desert or the jungle? Yet such matters 
ean be reduced to terms of simplified 
description far better in museum exhibits 
than in books. Furthermore, where in 
museum treatment is shown the relation 
of sun-spots and climatic cycles to the 
growth of living communities, both plant 
and animal? Or what regulates the size 
and the length of life of organisms, or 
the distribution in nature of color and of 
what we call beauty ? 

Contemporary study of behavior, aided 
by the experimental resources of chem- 
istry and biophysics, is outlining a star- 
tling and illuminating picture of the 
animal mind. At the same time, me- 
chanical devices, such as the photo- 
electric cell, sound photography, ‘‘robot- 
voices’’—perhaps even television—are 
supplying us with able and equally up- 
to-date means of demonstrating the find- 
ings. The halls of natural history mu- 
seums should and will include ingenious 
exhibits that can tell us much about how 
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the external world looks in color, form 
and the relative importance of its com- 
ponent parts, when viewed by the eye of 
a bee, a bird or a fox. Related exhibits 
might show how animals necessarily re- 
act with respect to the rhythmic cycle of 
their endocrine glands. An important 
supplementary place in exhibition cases 
will be required, of course, for revealing 
the experimental studies through which 
such confident yet seemingly mystical 
conclusions have been reached by prying 
man. 

Most natural history museums have 
elementary exhibits dealing with the seci- 
ence of genetics, but where can we look 
for popular demonstrations of the enor- 
mous recent advances in that field, in- 
cluding the subject of induced mu- 
tations? Discoveries relating to the 
biological value of light and of climatic 
change have found their way into college 
courses, but thus far only to a negli- 
gible extent into museum cases. Many 
museums have pretty caves among their 
exhibits, for example, but not yet an ex 
planation of how cave faunas have been 
moulded by the absence of light. Credit- 
able museum records of early man are 
numerous, but where can we yet see 
dramatized the steps through which the 
glacial period produced modern man? 
What is intelligence, and does an amoeba 
possess it? How do insects feel and 
think? How has man come by his in- 
stinets ; how and to what extent are these 


controlled by his newer and rather un 
stable endowment of. higher discrimina 
tion? The answers to all such questions 


; 


lend themselves admirably museum 
methods. 

All this and much more, indeed, must 
soon come to pass unless the natural his 
tory museum is to fail in fulfilling its 
service as a modernized beacon lighting 
the way between the discovery of truth 
and its widest possible disseminat Oo} 

To-day it is increasingly evident that 
as preparation for happy and_ well 
ordered living the sciences have crowded 
their way in among the old ‘*‘humanities’’ 
of the classical tradition. Leaving aside 
every vocational or so-called practica 
bearing, ignoring even the rich satisfae 
tion that knowledge of the green and 
vibrant world of nature confers in this 
out-of-door age even beyond all this we 
know that as education which must pre 


pare for an understanding of everyday 


life, of social organization, of govern 
ment, the old aspects of truth have be 
come insufficient The ‘‘ma n the 
street’’ must add to his fund of informa 
tion at least a minimum knowledge of 
modern physics and of the miracles of 
protoplasmic behavior if he is eve 

gain an inkling of what life and the eos 
mos are all about. From the departm«: 


of astronomy to that of the sciene 
man, natural history museums should 
still aspire to share and ft eat mn the 


great campaign 
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C. E. DUTTON—EXPLORER, GEOLOGIST, 
NATURE WRITER 


By Dr. WALLACE E. STEGNER 


DEPARTMENT OF 


THE discovery and exploration of the 
Plateau Province of the Southwest, com- 
prising southern Utah, northern Arizona 
and portions of eastern Colorado and 
New Mexico, was the work of many men, 
famous of 
nen likes Ives, Wheeler and Powell, and 
he ‘‘Mormon Leatherstocking,’’ 

As is frequently the ease, 


nost whom are government 
Jacob 
Hamblin. 
owever, men later in time, and with less 
ight to the title of explorer, have left as 
yrominent marks of their personalities 
nd work upon the country as its actual 
iscoverers. The name of Clarence Ed- 
vard Dutton, for example, is undoubt- 
dly as well known in the history of the 
pening of the Plateau Province as that 

f even Powell himself, and yet Major 
Jutton apparently never discovered any- 
hing for the first time. 

There are several reasons for Dutton’s 
eputation. In the first place, his work 
<1 him, from 1875 to 1887, to five differ- 
nt spots which later became national 
‘arks. What Muir is.to Yosemite, Dut- 
mn is to Zion and the Grand Canyon. 
\lthough other men, notably Ives and 
-owell, had written interesting accounts 
f the Grand Canyon, Dutton’s ‘‘Ter- 
iary History of the Grand Canyon Dis- 
rict,’’ appearing in 1882, was the first 
etailed and extended of the 
rreat gorge, and contained as well the 
arliest description of Zion exeept for 
owell’s brief thumb-nail sketch in his 
‘Exploration of the Colorado River of 
he West.’”’ 

Two years earlier Dutton had written, 
n his ‘‘High Plateaus of Southern 
Utah,’’ a description of Bryce Canyon 

that considerably amplified the first pic- 


account 


ENGLISH, 


oO} I Al 


UNIVERSITY 


A. H 
Powell’s ‘* Explora 
lorado River of the West 

and F. Dellen 


were the discoverers 


ture presented by Thompson in 

his report affixed to 

tion of the € 

Professor Thomps n S 

baugh, apparently, 
| 


having seen tne amphitheater while 
searching for a practicable route down 
the Colorado in 1872. Dutton probably 


saw the Paria Amphitheater and Bryce 


for the first time in 1875, his first year in 
the Plateau Province 

It seemed Dutton’s fate, or im 
consistently to be the second or third int 
a field, and yet in almost every case his 
discoveries and _ scientific studies of 


causes and meanings were noteworthy 
He was the man who pointed out that 
Mount Lassen was the last locus of vol 
canic activity in the United States—a 
statement since borne out by Lassen’s 
later activity. Although he first saw 
Crater Lake thirty vears aiter its cis 
covery, he was the first man to bring 
boats in (a feat of almost insuperable 
difficulty) for the purpose of plumbing 


and measuring the lake, and his theory 
of the origin of the crater has by now 
become almost a truism It was in 1885 
in the company of William G. Steel, late: 
patron of Crater Lake National Park 
that Dutton first saw this spot, and a 
good part of the next field season was 
spent in detailed measurements and 


soundings. 

Not content with being involved in 
early study and history of Zion, Bryce 
Grand Canyon, Mount Lassen and Crater 


Lake National Parks, Dutton in 1882 
spent four months with a pack train 
among the great calderas of Hawaii with 


the purpose of studying voleanoes in 
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action before investigating the extinet 
voleanoes of Oregon and northern Cali- 
fornia. The resulting monograph, ‘‘ Ha- 
walian Voleanoes,’’ although ostensibly a 
scientific work, is lightened throughout 
by humorous anecdotes and brilliant de- 
scriptive passages, and is one of his most 
charming books. 

Six national parks thus owe something 
of their history to Major Dutton. All of 
them, except Mount Lassen, owe him 
more: the basie geological explanations 
which are now commonplaces aired by 
park rangers and guides for the edifica- 
tion of tourists. His books on the South 
ern Utah Plateaus and the Grand Can- 
yon are still broad foundations for later 
highly detailed studies, and they remain, 
despite the passage of more than half a 
century, the best general works on these 
regions.’ 

Major Dutton was an explorer of little- 
known regions and an explorer among 
little-known facts. Just as his studies 
among the Plateau regions led to novel 
geological theories, such as the theory of 
plural erosion cycles, so the sights which 
he saw, unusual in the extreme and 
widely different from the rock forma- 
tions of other countries, led to a series of 
unusual names, which, influential as they 
have been upon the later nomenclature 
of the region, have been subjected to 
severe criticism. 

Dutton observed, as any one really 
studying the Grand Canyon and its en- 
virons must observe, the striking resem 
blanee which the buttes and towers bear 

1 This is not to minimize the work of other 


early geologists. Dutton himself says, in his 


‘Mount Taylor and the Zufi Plateau,’’ that the 
geological results are the product of mutual help 
among Powell, Gilbert and himself. ‘‘ All ob 
servations and experiences were common stock, 
and ideas were interchanged, amplified, and 
developed by mutual criticism and suggestion. 
The extent of my indebtedness to them I do 
not know. Neither do they. I only know that 
it is enormous, and if a full liquidation were 


demanded it would bring me to bankruptcy.’’ 


to oriental architecture. Accordingly, 
when naming points in the gorge, he 
chose such titles as the Hindoo Amphi- 
theater, the Ottoman Amphitheater, 
Vishnu’s Temple, Shiva’s Temple, and 
[It is to Dutton’s example that 
we owe the long series of oriental names 
that decorate the other canyons, notably 
Bryee, where the horseshoe is dotted with 


SO On. 


temples of Osiris and Isis and other east- 
ern gods and goddesses. Thomas Moran 
followed Dutton’s lead in naming the 
Temple of Set in the Grand Canyon. 

Not every one, as has been mentioned, 
approves of these names. In a letter 
written just before his death Mr. F. 8. 
Dellenbaugh, a companion of Powell and 
Dutton on early expeditions and a noted 
explorer in his own right, had this to say 
‘*] have one grudge against him. He did 
not believe in applying Indian names t 
features not already designated—and 
there were many at that time—as he dis 
liked Indian names. He was thinking, | 
suppose, of Passamaquoddy and Memph 
remagog and so on. I argued with hin 
without suecess, and so he started that 
series of silly Egyptian and what-not 
names in the Grand Canyon which ar 
about as inappropriate as any names 
could be. I don’t now remember his 
argument. He did, however, name Point 
Sublime, which satisfies me Mis 

However one may feel in this matter 
of appropriate nomenclature, one is 
foreed to admit that Dutton’s example 
bore fruit and definitely pinned an ori 
ental atmosphere on the Grand Canyon 
that will last. The architectural basis for 
the names is certainly sound, and many 
of Dutton’s other names—The Cloisters 
The Transept, Vulean’s Throne, and s 
on—borrow from other architectures 
than the oriental ones. He also named 
a number of the points which jut fa 
out into the gorge and offer the most 
sublime views. Of these Point Sublim: 
is generally a favorite, as is Point Dut 
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ton, named for the geologist. Cape Royal 
and Cape Final, as well as Hidden Spring 
and other spots, received their names 
from him. Oceasionally, as in Smith- 
sonian Butte, near Short Creek, Dutton 
honored a man or an institution in a 
place name. 

A full list of spots named by Dutton 
would undoubtedly be long, but until 
some detailed study of Utah place names 
is made, it must remain incomplete. 

There is one further reason for Major 
Dutton’s lasting reputation in the South- 
west. People recognize in him a great 
geologist and an important explorer, but 
they recognize even more immediately a 
great nature writer. 

Natural scenery as grand as that of the 
Plateau Province is difficult to deseribe 
accurately and vividly, as hundreds of 
inept pen-pictures of the Grand Canyon 
testify. Yet Dutton, in ‘‘The High 
Plateaus’’ and ‘‘The Tertiary History’’ 
paints landscapes unforgettable in their 


detailed charm. He is master of pano- 


rama, as indeed he had to be in a country 
where the range of vision is sometimes a 
hundred miles and more. No one has 
ever caught as well as he the broad vistas 


; 
} 


of torn and twisted and weirdly beauti 
ful desert and badland. No one has ever 


fused so completely scientific accuracy 


and literary charm, as Dellenbaugh has 
said. 

In the last analysis it is not essent 
as an explorer that Dutton will be known, 
although he has certainly some rig 
the name; it is not primarily as a ge 
gist, though he is one of the grea nes 


‘ 
} ) 


of early American veo! ey; S aS a 


interpreter of landscape, a nature wi 
who combined sound scientific knowledge 


with a near-genius in words. One 


of Muir and Burroughs as comparisons 


Dutton was more limited in his field thar 
they, but as fine a writer within his 
and a greater scientist than either It is 
his versatility, rather than preeminent 
abilities in one line, that make his name a 


byword in the Plateau Province 
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MEDALLISTS OF THE NATIONAL ACADEMY OF SCIENCES 


Tue National Academy of Sciences at 
its seventy-fourth annual meeting from 
April 26 to 28, 1937, four 
medals in recognition of noteworthy ac- 


presented 


complishments in the field of scientific 
research. The medals were provided 
from trust funds given to the academy ; 
several of these funds specify that the 
medal shall be accompanied by an hono- 
rarium. The 
made by the academy in business session 


award of each medal is 
on recommendation of the special com- 
mittee or board in charge of the trust 
fund. The medal is presented to the 
recipient at the dinner of the academy 
at either the annual or the autumn meet- 
ing. Before the actual presentation of 
each medal, the president requests the 
chairman or other member of the trust 
fund committee to state briefly the rea- 
sons why the recipient was selected for 
the award. 


Tue AGassiz MEDAL FOR 
()CEANOGRAPHY 


The Agassiz Medal awarded to 
Dr. Martin Knudsen, of the University 
of Copenhagen, Copenhagen, Denmark, 


was 


‘in recognition of his contributions to 
that field of scientific research, including 
his report on the hydrography of the 
Danish Ingolf expedition, published in 
1898; the preparation of his ‘*‘Hydro- 
graphic Tables,’ the In- 
ternational Council for the Exploration 
of the Sea; his inauguration of standard 
water distributed to 
graphic institutions by the International 
Council for the Exploration of the Sea; 
his invention or improvement of the de- 


published by 


sea other oceano- 


signs of oceanographic instruments, and 
his leadership in the development of pre- 
cise methods in the study 
oceanography. ’’ 

Dr. T. Wayland Vaughan, chairman of 
the Murray fund, which recommended 


of physical 


the award of the Agassiz Medal for 
oceanography to Dr. Knudsen, stated 
his presentati n speech that 

Progress in many branches of science depends 
upon the possession of adequate instruments, 
body of established physica constants, and 
proper procedure. The mere recognition of 
scientific problem will not solve tl y} 
Knudsen ’s first oceanographic experier ide 
him keenly conscious of the fund ent needs 
of physical oceanography and he set yut the 
deve lopment of apparatus and the det« nat 
of physical constants. His inventic if standard 
sea water and his refinements of orine tit 
tion for the determination of the s nit and 
density of sea water over the entire rang 
temperatures encountered in the ocear nd the 
tables prepared by him to embody the results of 
long-cont.nued investigations, constitute a fow 
dation stone of modern dynami oceanog! 

Knudsen has mad number of designs 
oceanographic apparatus, such as frameless 
water-bottle. a bottom-samples f 1 hottomes 
and a spectrophotometer He has so paid 
fruitful attention to a number of oceanogr ipl 
problems. His first papers were on the fluence 
of plankton on the quantities of oxygen and 
carbonic acid dissolved in sea water His 
searches in the field of low pressure phenomena 
in gases are better known to physicists than 


oceanographer 8 


The members of the committee that nominated 
Professor Knudsen for th \gass Med iré 
happy that the academy approved e% 
mendation. Professor Knudsen ric] deserves 
the honor conferred upon hin 

Dr. Knudsen was unfortunately w 


able to receive the medal in person, and 
Mr. Otto W adsted. env Vv extra rdinary 


and minister plenipotentiary Den 
mark, accepted it gratefully for trans 
mission to Dr. Knudsen through diplo 


matic channels 


THe Henry Draper MEDAL 


The Henry Draper Medal was awarded 


to Dr. C. E. Kenneth Mees, director of 


the Research Laboratories of the East 
man Kodak Company, Rochester, N. Y., 


in recognition of his investigations in 


photographie processes which have given 


8S THE SCIENTIFIC MONTHLY 


emulsions sensitive to the red and infra- 
red of the spectrum and made possible 
the recent great advance in knowledge 
of this highly important region of the 
radiant energy of the stars.’ 

The presentation speech was to have 
been made by Dr. V. M. Slipher, chair- 
man of the committee of the Murray 
fund; but he was unable to be present 
and Dr. Frank Schlesinger, of Yale 
University, presented a digest of Dr. 
Slipher’s statement : 


Dr. Mees has devoted his life to the develop 
ment of the theory and the perfection of photo 
graphic processes and materials. His early 
prominent piece of work, ‘‘ Investigations on the 
Theory of the Photographic Processes, ’’ pub 
lished in 1907 in collaboration with Sheppard, 
has since been a classic on the subject. This 
gave him wide distinction, and he was called to 
America in 1912, where since then he has been 


continuously occupied in this field of endeavor 





at the Eastman Kodak Research Laboratory, of 





which he has been the director 





Let us recall that at the beginning of the DR. C. E. KENNETH MEES 
present century it was hardly possible in as EASTMAN KopaK CoMPANY. 
tronomy to photograph a spectrum range of 
more than about 2,700 Angstrom units, i.¢., from 3,300 to 6,000 A. But to-day fully twice that awal 
length of spectrum (i.e., from 6,000 to 12,000 A. of \ 
in the infra-red) has been added. Much of this Faw 
great gain has resulted from the development . 
of emulsions and sensitizers at the hands of Dr outst 
Mees. His wide extension of the photograph ical 
able spectrum into the longer wave-lengths car tat 
ries even greater scientific importance than D) 
might at once be evident, for it brings us know 
edge of a vast new portion of the energy of the boar 
stars. And this means our knowledge of th whic 
heavenly bodies may now be builded upon this -J ame 
broader foundation. In accomplishing thes« Brov 
and other advances for photography our medal 
ist has contributed to the general progress of spore 
science, as well as to astronomy in particular. 
Incidentally he has built up the excellent Re rhe 
search Laboratory of the Eastman Kodak Com naw 
pany. Thus for thirty years he has carried on ener 
with marked ability and skillful technique fun sit 
damental researches, — 
It is, therefore, a pleasure, on behalf of the 1 . 
Draper Committee, to present Dr. C. E. Ken i 
neth Mees for the high honor of the Henry In 19 
Draper Award. Astro! 
literal 
Tue Watson MEDAL AND THE ProMo- a 
TION OF ASTRONOMICAL RESEARCH aii 
DR. MARTIN KNUDSEN The James Craig Watson Medal and pg 
UNIVERSITY OF COPENHAGEN. accompanying honorarium of $100 was hae 
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used in the nautical almanacs since 192 ind 
predicted the 1923 eclipse with surprising 
curacy. The honors which Brown has rect ed 
were prompted not only by his lunar 


although he had made it his principal task si 
L890 At the same time his genius has 


quered a variety of other hitherto unsolved p: 


lems based on Newton’s Law of Gravitation \ 
these endeavors have ed to new and s gonit 
results. The award of the Watson Med 
fore Is based on his notable eontribut ns 
gravitational theory in general rather 
the specific achievement of tl inal 

The academy may istiv | proud tft 
him among its members and to | é 
him by the bestow f the Watson Med 


THe Mary CLarK THOMPSON MEDA 

The Mary Clark Thompson Meda 
accompanying honorarium of $250 was 
awarded to Dr. Amadeus Grabau 
National University of Peking, Peking 


China, ‘‘in recognition of his 


distinguished record in paleontology and 





stratigraphic geology.”’ Dr. Waldema 
DR. ERNEST WILLIAM BROWN Lindgren, chairman of the committee on 
YALE UNIVERSITY OBSERVATOR’ the Thompson fund which recommended 


the award to Dr. Grabau, emphasize 
awarded to Dr. Ernest William Brown, — };. presentation speecl 
of Yale University Observatory, New 
Haven, Conn., ‘‘in reeognition of his 
outstanding contributions to astronom 
ical science, mainly in the field of gravi 
tational theory in the solar system 
Dr. A. O. Leuschner, chairman of the 
board of trustees of the Watson fund, 
which recommended the award of the 
James Craig Watson Medal to Dr. 
Brown, remarked in his presentation 


speech that 


The problems of motion in the solar svstem 
have challenged the ingenuity of the greatest 
mathematicians and theoretical astronomers. Of 
those who have contributed to their solution 
none has attained the precision in representing 
the observed positions of the moon than Ernest 
W. Brown has achieved in his well-known theory. 
In 1907 he received the Gold Medal of th Royal 
Astronomical Society on the completion of the 
literal and numerical theory. At that time 
about a dozen lunar theories had been produced. 
Of these that of Hansen held its place in the 





nautical almanacs. Before Brown’s theory 
could replace that of Hansen it was necessary 
for him to make his theory accessible in the DR. AMADEUS GRABAU 
form of tables. His tables have been uniformly NATIONAL | VERSITY OF PE} 
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the distinguished services of Professor Grabau 
in general and stratigraphic geology, in the 
science of non-metallic mineral deposits, and 
particularly in paleontology. His paleontolog 
ical researches cover the Paleozoic of New York, 
and during the last seventeen years the paleon 
tology of China. The results of this work are 
contained in a splendid series of monographs 
on Chinese Paleozoic and also Mesozoic fossils, 
the last volume of which was published like th« 
rest by the Academia Sinica, in Peking. His 
contributions are fundamental and exhaustive. 
And this in spite of severe physical handicaps 
during later years which would have discouraged 
any man with less courage and energy. Among 
his characteristics are an indomitable nature: a 
faculty of inspiring others with his enthusiasm ; 
in ability to plan and carry out the work to 
which he has devoted his life 

In presenting this medal we are paying a just 
tribute to a most distinguished paleontologist 
and geologist who has brought honor to Amer 
ican geology to the four corners of the earth. 

We regret deeply that Professor Grabau is 
unable to be here in person but rejoice that we 
may entrust the medal to Mrs. Grabau, who is 
here with us to-night and who will transmit the 
token to Professor Grabau with our admiring 
regards. 

In the absence, in China, of Dr. 
Grabau, the medal was received by Mrs. 
Mary Antin Grabau on behalf of her 


husband. In the aeceptance speech, pre- 
pared by Dr. Grabau and read by his 
wife, Dr. Grabau gave a brief summary 
of the work with which he has been iden- 
tified in China during the past seventeen 
vears and of the remarkable progress that 
has been made in recent years in geologi- 
cal and other scientific work in China. 
To quote from his speech : 

The scientific study of natural history is now 
a recognized intellectual pursuit in China and 
those of us who were privileged to be present 
and in a measure give aid during the early years 
of development, feel confident that in the years 
to come geological, paleontological, biological 
and archeological contributions by Chinese natu 
ralists will become of increasing importance, not 
only to their home country, but to the world of 
science at large. 

Chinese naturalists feel as I do, that in honor 
ing me to-night you are giving recognition to the 
progress of the scientific work in China, and they 
take it as an encouragement for the unabated 
continuance of their endeavors. 

With this interpretation of your award to 
me of the Thompson Medal and with my sincere 


personal thanks, I accept the honor. 
F. E. Wrieur. 


Home Necretary 


THE NEW BUILDING OF MELLON INSTITUTE 


> 


MELLON INsTITUTE OF INDUSTRIAL RE- 
SEARCH at Pittsburgh began a new phase 
of its career when its new building was 
dedicated in May as the principal event 
of a series which was attended by scien- 
tific and industrial leaders of this and 
other countries. 

Dr. Edward R. Weidlein, director of 
Mellon Institute, presided at the formal 
dedication and addresses were given by 
Mr. Andrew W. Mellon and Mr. Richard 
K. Mellon, representing the founders. 
Other speakers were Dr. Irving Lang- 
muir, Dr. Harold C. Urey and Dr. Wil- 
liam P. Murphy, all of whom are Nobel 
laureates. 

The new building is the third home of 
the institute, which started as a separate 
organization in a small frame building 
on the campus of the University of Pitts- 
burgh twenty-six vears ago. In 1915, the 








institute moved into its second home, the 
building recently vacated, in which it 
carried on the work which earned for it a 
national and international reputation. 

Long before floor plans were drawn for 
the present edifice two fundamental re- 
quirements were established by the foun- 
ders. First, the building must be the 
most advanced scientific workshop that 
modern knowledge eould provide. Sec- 
ond, it must be beautiful as a tribute to 
science and to the institute’s own achieve- 
ments. From the outset, preference was 
weighted heavily in favor of the Grecian 
school of architecture, which combines 
beauty with the simplicity appropriate 
to a home of science. 

In form, the structure is built as a 
hollow square, wider at the front than at 
the rear and with center and connecting 
wings in the shape of a cross. This ar- 
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rangement provides four interior courts 
which are the main natural light sources. 
The building is 306 feet wide at the front, 
227 feet wide at the rear, and 334 feet 
from front to rear. Institute require- 
ments made necessary a structure of 
about six and one-half million cubic feet 

four times the amount of space in the 
previous building. 

Many features of the new edifice derive 
from some of the finest examples of an- 
cient Grecian architecture. Its facades 
are very nearly the same in proportion as 
the long lateral facades of the Parthenon 
at Athens. Other details were inspired 
by the temple of Nike Apteros on the 
Acropolis and the temple of Artemis in 
Sardis, Asia Minor. To many visitors 
the most impressive features of the ex- 
terior architecture are the beautiful lime- 
stone, monolithic columns, of which there 
are 62 in the four facades. As they came 
from the quarry the rough blocks each 
weighed approximately 125 tons, the 
finished columns weighing about 60 tons. 
These columns constitute the largest 
monolithic column installation in the 
world. 
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A CORNER OF THE MAIN LOBBY 
THE ROOM IS CARRIED OUT IN SIMPLE GREEK ARCHITECTURE. WALLS, CEILING AND FLOOR ARE OF 


BoOTTicINO MARBLE, EXCEPT FOR THE THIN, DARK 


STRIPS OF NEBO MARBLE WHICH ACCENT THE 


FLOOR. THE BAS-RELIEF OVER THE DOORWAY DEPICTS THE CREATION OF SCIENTIFIC KNOWLEDGE AND 


SYMBOLIZES THE WORK OF THE INSTITUTE. 


occupy an L-shaped area two stories high. 
Here machinery and processes are devel- 
oped and applied to translate laboratory 
methods into sub-commercial production. 
On the second floor is the auditorium, 
which seats 350 persons and is completely 
equipped with motion pictures, stereop- 
ticon and amplifying equipment. Also 
located here are machine, woodworking, 
pipe, sheetmetal and electrical shops for 
service to all the fellowships, as well as 
a cold storage room, electric furnace room 
and the electrochemical laboratory. 
Space for social and recreational ac- 
tivities has been provided on the third 
floor. Also on this floor are the building 
control room, the telephone switchboard, 
apparatus for the automatic telephone 
system, rooms for the storage of special 
instruments and apparatus, the photo- 
graphic laboratories and other facilities. 
The library is the principal feature of 
the fourth floor. This beautiful room is 


finished entirely in Slavonian and English 
oak and has the style of the Renaissance, 
with influences from the works of Sir 
Christopher Wren and Grinling Gibbons 
and also from the Tirolese styles of the 
same period. It will accommodate a col- 
lection of 100,000 volumes. 

While each of the four upper labora- 
tory floors has special rooms, most of the 
space is occupied by the two types of lab- 
oratories adopted as standard by the in- 
stitute. The small laboratories are 12 
feet by 19 feet in size and the large lab- 
oratories are 19 feet square. In design 
and equipment these laboratories repre- 
sent the results of several years of experi- 
mental work by the institute’s executive 
staff. In the laboratories and other parts 
of the building, many innovations were 
designed to meet the requirements of the 
institution, some of which are products 
of the institute. 

- J. D. U. 
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CHARTING THE NIGHT WIND 


A PHOTOGRAPHIC method of charting 
the night winds high above the earth to 
determine direction and velocity for 
weather forecasting and aircraft opera- 
tions has been worked out in the meteoro- 
logical laboratory of the Massachusetts 
Institute of Technology by Athelstan F. 
Spilhaus, of the Woods Hole Oceano- 
graphic Institution. 

The method makes use of a ‘‘whole 
sky camera,’’ which has a 180-degree 
lens ; a pilot balloon and magnesium flares 
attached at intervals to a length of ordi- 
nary blasting fuse. From an observa- 
tion point on the earth the camera lens 





is pointed upward, and as the sounding 


balloon ascends the flashes of the mag- 


A RECORD OF THE NIGHT WINDS 


nesium flares, ignited at known intervals, 


ah IN THIS PHOTOGRAPH THE CIR 7 oO; 
are recorded on the plate. The photo 
CIRCLE IS THE HORIZO 
graph taken by the 180-degree camera is 
: SPOTTED ALON( . GI 


DIRECTLY OVERHEAI! 


( (LI TH 0 ( ( 
MARK TRUE SO ( 
OF 18 ( ~ } S . 
COURS OF \ 0 oOo 


SEVI MILES on 

AN ALTITUDE O} I \ 

rHE MOON, WH | \ ApOoW » FO | oO 
rut EXPOS i} H | oT 

cireular. the cCircumrerence dep} Tl} cy The 

horizon all around, and the brilliant ma 


nesium flashes are registered on the pial 
regardless of the direction in which the 
balloon moves Thus, by measuring the 
angles of elevation and direction between 
the camera station and the flashes, and 


correlating these data with the rate of 





ascent of the pilot balloon, an accurate 


EQUIPMENT FOR STUDYING THE record of the wind velocity and direction 
NIGHT WINDS is obtained. 
THE APPARATUS CONSISTS OF A SOUNDING BAL The usual method of measuring winds 


LOON, A LENGTH OF FUSE, ALONG wuHicn are Of the upper atmosphere, which often 
ATTACHED MAGNESIUM FLARES, AND A 180-pecree blow in the opposite direction to the sur 
CAMERA, THE LATTER IS MADE UP OF A LARGE face winds, is to release a hvdroven-filled 


LENS BARREL AND SHUTTER, AND A PLATEHOLDER. pilot balloon and follow its course by 
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means of a theodolite on which the angles 
of elevation and direction are read every 
half minute or minute. At night it has 
been the practice to suspend a paper 
lantern containing a candle from the 
balloon and to train a theodolite on the 
light. The disadvantages of this method, 
however, are that the light is extremely 
dim and is frequently lost in a short time. 
Observers have also been known to con- 
fuse the faint light of the lantern with 
stars. The Spilhaus method makes it 
possible to take readings photograph- 
ically at very brief intervals, and the ap- 
paratus may be used by inexperienced 
observers. All that is necessary is to 
open the shutter of the camera and re- 
lease the sounding balloon after lighting 
the fuse to which the magnesium flares are 
re attached for any desired flash interval. 


THE TAKIN GROUP AT THE 


THe habitat group of takin from West- 
ern China, opened in the Free Natural 
History Museum of the Academy of Nat- 
ural Sciences of Philadelphia, is the first 
of its kind to be exhibited anywhere, and 
shows these rare and strange-looking ani- 
mals in an unusually attractive setting, 


Tests of the new method have been ecar- 
ried on for several weeks through the 
cooperation of the new Dewey-Almy 
Chemical Company, which supplied a 
new type of sounding balloon. Test 
plates for recording the magnesium 
flashes at distances of as much as seven 
miles and at heights of over 13,000 feet 
have been made. It is expected that 
this distance and height can be greatly 
exceeded. 

In the field of meteorological research 
the Spilhaus method of nocturnal sound- 
ings will provide a means of making de- 
tailed studies of the structure of the 
winds. The intervals of observation can 
be reduced to five seconds for such in- 
vestigations, an interval far too brief for 
theodolite observations. 


PHILADELPHIA ACADEMY 


quite different from any of the other 
Flanked 


by huge blooming rhododendron bushes 


large groups in the museum. 


such as abound in the mountains of Sze- 
Chwan, where Brooke Dolan, II, secured 
the specimens on an academy expedition 
to that far region near the Tibetan bor- 








THE HABITAT GROUP OF TAKIN. 
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der, four of these cattle-like mountain 
antelopes are shown near a stream, with 
mist-veiled rugged heights in the back- 
ground. 

First mentioned some 600 vears ago by 
the famed Venetian traveler, Marco Polo, 
who described them only as ‘‘ very wild, 
fierce animals,’’ the takin remained a 
until 
brought a specimen to L’Abbe David in 
1869. 
have recorded it. 


mystery native Chinese hunters 


when occasional explorers 
Now, for the first time, 
it is shown as if alive in its almost inac- 


since 


cessible native haunts—a large bull, two 


cows and a calf grouped in life-like 
attitudes. 
These curious beasts, with shaggy coats 


of mingled brown and buff color and 
short curved horns, live at altitudes of 
7.000 to 16,000 feet, in the dense bamboo 
and rhododendron thickets. Though 
larger than the Rocky. Mountain 
which is found in the Western United 
States, British Columbia and in Alaska, 


they probably are related to this animal. 


roat 


Despite their bulk, they can get over 
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rough ground at an amazing rate, and 
this makes them difficult 
They 


natives regard 


to approach 


possess great streneth. and the 


them with considerable 
awe. 

These awkward-looking, rather clum 
sily built animals travel in small herds, 
each of which follows an old bull as its 
acknowledged leader. To such a pitch is 
this blind that one 


native hunter has reported that when he 


obedience carried 
shot a leader, which then fell over a hig! 
cliff, the rest of the herd 

leaped into the ravine 


immediately 


This new group represents the latest 
development in museum exhibits of this 
nature. All the artificial accessories 
cluding the remarkably realistic rhodo 


dendron were ! The 


blossoms, made 
academy's Department of Museum Ex 
hibits, and the group was erected unde 
the direction of Harold T 
of that 
was painted by C 


Green, curator 
department The background 
Clarke Rosenkranz 
and the animals were mounted by Louis 


Jonas. L. M. H 


THE SIZE OF ATOMIC NUCLEI 


Or all the domains which the mind of 
man has to contemplate, the nucleus of 
the atom is the smallest. It is at least 
a thousandfold smaller than the sizes we 
usually ascribe to the atom itself and, 
indeed, if all the nuclei in the world were 
placed in contact with one another, their 
smallness is such that the earth could go 
inside an ordinary sized room. The study 
of the size, or more definitely the radius, 
of the nucleus of atoms has, however, been 
rather disappointing up to the present 
estimating 
nuclear radii have been devised, none of 


time. Various methods of 
which was extremely precise, but which 
showed that a general law governed the 
size of a nucleus, which can briefly be 
stated. This law is ‘‘the volume of a 
nucleus is proportional to the number of 
particles in it.’’ In less colloquial terms 
the radius of a nucleus is proportional 
to the cube root of its atomic weight. 


So simple a rule as this could have bee 
guessed easily by any one and therein lies 
the disappointing nature of the study of 
the nuclear radius, for the conclusions 
we reach substantiate a law which needs 
only the most general ideas for a f 
tion. If, however, definite exceptions t 
could be 


should have a chanee to use these exe p 


this simple rule found, wi 
tions to tell us more intimate facts about 
the nature of the nucleus. Recently such 
an exception has been found In work 
at Yale by the writer, H. L. Schultz and 
Gordon Brubaker, the transmutation of 
observed 


argon into calcium has been 


and studied with striking results. <A 
helium nucleus, or alpha particle, is fired 
into an argon nucleus and is caught by 
it to 


which breaks up into calcium and a neu 


form an unstable conglomerate 


tron, which last can be detected by the 


apparatus. The interest lies in how the 
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reaction proceeds as the energy of the 
incoming alpha particles is changed. A 
nucleus acts in many ways like a volcano 
and erater as far as its behavior to inci- 
that is, it re- 
distanee is 
In terms of 


dent nuclei is concerned 
pels them until a certain 
reached and then attracts. 
the voleano the crater can not be reached 
until enough energy has been spent to 
reach the top and then it is all too easy 
to fall inside. By studying the energy 
at which the transmutation takes place 
readily the height of the voleano (or po- 
barrier) and the radius of the 
can be found. 


tential 
crater (or nuclear radius) 
or argon it is found that the nuclear 
radius is nearly 30 per cent. larger than 
expected, so that its volume is double the 
normal value. This means that argon 
does not fit into the accepted scheme, and 
thus revives hope that the study of nu- 
clear radii may help us to gain informa- 
tion about the inside structure of the 
nucleus. This is, the writer considers, 
the most important result achieved. 
Some further have 
tained which lend themselves to specu- 


lation. At the same time as the argon 


results been ob- 


reaction was discovered a similar trans- 
mutation of chlorine into potassium was 
achieved and a study of the voleano and 
smaller radius 


crater made. A much 


was found, though not quite as small as 


would be expected, so that again an in- 
Now the 
resulting potassium is of a radioactive 
known for some 


teresting anomaly is found. 


which has been 
Its radioactivity has been difficult 


form 
time. 
to explain, for the radioactive process 
took place with a considerable energy 
liberation and would normally have pro- 
Actually it 

Why? 
possible explanation is that the potas- 


ceeded very rapidly. pro- 


ceeds extremely slowly. One 
sium nucleus has a rapid rate of rotation 
which has to be changed in its radio- 
active process. This change is so great 
that it 
enormously and gives radiopotassium its 


slows down the radioactivity 


unusually long life. It seems to the 
writer that if we assume that chlorine, 
too, has a rather large radius (close to 
that of argon, which is its neighboring 
element) but that the helium projectiles 
have to supply additional energy to cre 
ate the rapidly spinning potassium nu- 
cleus, then the apparently smaller radius 
for chlorine can be explained and also the 
While caleu 


lations seem to bear out the truth of 


long lifetime of potassium. 


these ideas, this suggestion must still be 


considered as speculation As time 

passes and more exact experimenting is 

completed, the idea can be checked. 
ERNEST POLLARD 


YALE UNIVERSITY 
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A Time Tested Service 
for the Busy Scientist 


Tested by time—proven by time, mem- 
bership in the Scientific Book Club is the 
logical solution to the problem of the scientist 
whose time for browsing and reading is limited. 


Specialists in all the branches of science, the members 
of the Editorial Committee and Advisory Board, do the pre- 
liminary work of discovering the books most worth your 
while. Their reports, authoritative and concise, are presented 
each month in the Scientific Book Club Review. 

Members of the Club have then only to await the 
arrival of the primary selection if they want it. They may 


select some supplementary choice or refuse the entire list, if 


they wish. 

No important book is overlooked. 

Complete satisfaction is guaranteed, for any book may 
be returned after examination. 


You owe it to yourself to test this timeworthy service. 


Scientific Book Club, Inc. 
80 Lafayette Street, New York, N. Y. 


EDITORIAL 
COMMITTEE 


Raven ($3.50 edition). 


Chairman 


days of receipt. 


LL.D., Sc.D. 
3 EE a ee wes mbes 
Dr. Hartan T. Stetson, Pa.D. 
Epwarp L. TuHornoike, Pa.D., AdGVO8S «66. eee eeneeee 
Sc.D., LL.D. 
Coe Ge ES cece cscccacces bwcesdedans 


1 
Artuur H. Compron, Pu.D., { 


You may enroll me as a subscriber to your service and 
send me without cost Jn r st of Gorillas by Gregory and 
am not committed to take more 

than six books during the coming year and I agree to 
notify you promptly during any month in which no book 
is wanted. The price of the book sent to me each month 
is to be the publisher’s price plus postage. A bill is to 
be sent with each book and I agree to pay it within 10 
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WHY WE DO IT 


An Elementary Discussion of Human Conduct and 
Related Physiology 


By EDWARD C. MASON, M.D., Ph.D., F.A.C.P. 


Professor of Physiology, 
University of Oklahoma School of Medicine, Oklahoma City 


177 Pages, Illustrated. With special jacket. Price, $1.50 


N “Why We Do It” the author has presented a convincing argument 
which supports the contention that the child is both egocentric and nar- 
cissistic and necessarily considers itself to be the center of the universe. 

It is from this center that it constructs its conception of the universe. Our 
problem is to develop the child’s intellectual potentialities and transform it 
into an emotionally mature adult. If we are successful the individual is 
then able to meet the problems of life directly and efficiently; he will deal 
in reality and will not resort to the fantasy practiced by the neurotic or 
regress to the prelogical state of the psychotic. 


«><> 


N “Why We Do It” we find that regardless of what we consider the child 
to be, the problem of civilization is one of transforming the raw material 
of the newborn baby into a “refined” product acceptable to society. At 

the same time the child is faced with the problem of accepting the demands 
of civilization without the privilege of modifying it to meet his demands. 
The degree of success of the transformation varies with each “barbarian” 
born and approximately only 50 per cent are able to make an adjustment 
satisfactory to society and to themselves. The author explains the mecha- 
nism of the transformation and how parents and teachers may aid in the 
process. 
«><> 


N “Why We Do It” the author states, “The absolute goal of all human 

beings is to satisfactorily meet their environment. The means em- 

ployed and the end gained in achieving such satisfaction vary with each 
individual. As an example, the insane individual employs certain means 
with which to meet his environment and, thereby, accomplishes the task to 
his own satisfaction. It is true that the means used and the end gained do 
not meet our accepted social standards.”” He compares and contrasts the 
different methods used by the “normal,” the “neurotic” and the “psychotic” 
when meeting their environment, specially stressing the importance of 
emotional maturity. 


THE C. V. MOSBY COMPANY, 3525 Pine Blvd., St. Louis, Mo. 


Gentlemen; Send me a copy of the new book—‘‘Why We Do It’’ by E. C. Mason. 


OI enclose check or money order for $1.50. 


Address 











(Scientific Monthly) 


(J Send bill with book. 
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_ and Standard Publications 


| PEDIATRIC DIETETICS oF 


By N. THomAs Saxt, M.D., F.A.C.P., F.A.A.P 
Associate and Lecturer in Diseases of Children, New York Post-Graduate Medical School, Columbia University; Assistant 
Attending Physician, Babies’ Ward, New York Post-Graduate Hospital; Director of Pediatric Clinics, Church of All 
Nations, New York: Fellow of New York Academy of Medicine, American Society for the 


Advancement of Science, ete 





Octavo, 565 pages, illustrated with 57 engravings and 2 colored plates, Cloth, $ , net 


This book is unique in that it correlates and collects in a single volume all the available data on diet therapy for the 
sick child. It offers nothing that the author himself has not tested and found to be of practical value, physiologica 
and scientifically accurate. After considering mechanics and chemistry of digestion during infancy and childhood, the book 
discusses the various forms and types of foods, their distribution, qualitative and quantitative compositions and their applica 
tion in modern pediatric dietetics, as well as the réle in metabolism of vitamins and minerals. There is a special section on 
infant feeding, both maternal and artificial, the latter incorporating for the first time in one volume a complete summary and 
analysis of the best known proprietary pediatric foods. Finally, the diseases of infancy and childhood are discussed with 


ly sound 





special reference to their dietetic management. The work concludes with height and weight tables,. recipes, genera 
suggestions, food classifications and mineral and vitamin tables. No attempt is made to prescribe the exact dietary require 
ments to meet all conditions at all times, but the author makes full allowances for such variable factors as age, personal 
idiosyncrasies, environment and disease entities. This is a sound and helpful book for which there is a real need 

VEW WORK JUST READY 


CLINICAL ALLERGY 


Due to Foods, Inhalants, Contactants, Fungi, Bacteria and Other Causes 
MANIFESTATIONS, DIAGNOSIS AND TREATMENT 
By ALBERT H. Rowe, M.8., M.D. 


Lecturer in Medicine in the University of California Medical School, San Francisco, California; Chief of the Clinic for 
Allergic Diseases of the Alameda County Health Center, Oakland, California; President of the Associat 
for the Study of Allergy, 1927-1928 


Octavo, 812 pages. Cloth, $8.50, net. 


This work embraces the entire field of clinical allergy. It includes not only the author's previous work on food 
allergy, revised in the light of his later experience, but a vast amount of new material as well. It describes the most practical 
methods of diagnosis and treatment of every manifestation of clinical allergy arising from foods, drugs, inhalants and con 
tactants. The elimination diets, in the use of which the author was a pioneer, have been revised and extended. The part 
that hormonal, bacterial, physical and autogenous tissue allergies play in the production of symptoms is described and evalu 
ated. The appendix includes case histories, a questionnaire for the patient, additional diets, an index of allergens and 
excitants and a bibliography of eighty pages. Since no tissue of the body is exempt from allergic symptoms, this book 
describes conditions that concern the specialist as well as the general practitioner. The remarkable advance in the knowledge 
of dermatoses will interest the dermatologist and the extended discussion of ocular allergy resulting from recent research will 
be welcomed by the ophthalmologist. This work reveals the fundamental nature of allergic reactivity, the tissues most likely 


to be involved, the recognizable causes and the best available methods of diagnosis and treatment. It covers every angle of this 


extensive and baffling subject. 
VEW (5th) EDITION JUST READY 


A LABORATORY MANUAL OF 
QUALITATIVE CHEMICAL ANALYSIS 


By THeopore J. BRADLEY, Pum.D., A.M., B.S. 
Dean and Professor of Chemistry in the Massachusetts College of Pharmacy, Boston, Mass 





, 


170 pages. Cloth, $2.25, ne 


12mo, t 

This manual has been thoroughly revised to conform to the current (XI) United States Pharmacope@ia and the sixth 
edition of the National Formulary. It reflects the author’s many years of experience in the teaching of this subject. While 
it treats qualitative analysis from a strictly pharmaceutical point of view, it gives the student a sound working knowledge that 
can be used as a basis for advanced work. It offers an original method of teaching the subject which calls for a minimum 
amount of supervision of the individual student, thereby freeing the teacher for effective work in other directions 








WASHINGTON SQUARE 
LEA & FEBIGER PHILADELPHIA, PA. 
Please send me books checked: 
C) Saxl’s Pediatric Dietetics $7.00 | [] Bradley's Chemical Analysis $2.25 


[) Rowe’s Clinical Allergy 8.50 _} Catalogue 


Name Address 
(S.M. 6-37) 
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Commended by Two Book Clubs — 





IN QUEST OF GORILLAS 


By 
PROFESSOR W. K. GREGORY and H. C. RAVEN 


of The American Museum of Natural History 
and Columbia University 


of Natural History and Columbia University to collect adult gorillas in 
equatorial Africa. 


Ox story of an expedition under the auspices of the American Museum 


It is the outstanding book on African exploration of the past decade, ranking with such classics 
as Stanley’s ‘‘ How I Found Livingstone.’’ Readable, authentic and humanly realistic, it offers 
the literary traveller the entertaining and often thrilling companionship of famous explorers. 
From the east coast through the heart of equatorial Africa the expedition wends its way westward 
in search of the giant anthropoids. Along the way, black Africa weaves its charm of mystery and 
humor until one feels with the authors the utter timelessness of jungle history. ‘‘In Quest of 


Gorillas’’ will long remain the outstanding book on African exploration; to read it is to know 


the real Africa. 
Appreciated by Scientist and Layman! 
“The Jungle is Made Vivid” 


‘* The authors are adept at relating scientific details, descriptions of nature, of people and animals 
in flowing conversational style, weaving them together in a tale which is accurate, often beautiful, 
sometimes humorous and always entertaining and informative. . .. The black people and the 
small mammals and birds become alive to the reader, and the riotous beauty of the jungle is 
made vivid.’’ Editorial Committee in Scientific Book Club Review. 


“Infectious—a Different Africa Emerges” 


‘* The authors have a generous breadth of interest, taking in geology and sleeping sickness, colonial 
administration, cloud effects over Mount Kivu, and feet, especially human feet. All this is set 
down with a pleasant sense of humor, a quiet insistence on sober truth-telling, and an objective 
point of view which combined with fine photographs, give a sense of reality very new in books 
about African explorations . . . for book-travellers who want to make an interesting trip with 
two stimulating and first-class minds for company.’’ Dorothy Canfield in Book-of-the-Month 


Club News. 


“A Particularly Readable Volume” 


‘*Here is one of the very best books that has been published on African adventure. It ranks 
with that fascinating classic of Henry M. Stanley recounting his adventures in ‘How I Found 
Livingstone.’ . . . The authors have produced a particularly readable volume. The text is filled 
with observations about contacts with the natives and the customs of tribes, with high spots of 
In addition to ethnological notes, there are stories of animal and plant life 
. . The authors go on to describe the 
Raymond L. 


interest and humor. 
and vivid descriptions of jungles, lakes and mountains. . 
search for and contact with the giants in a fascinating and thrilling fashion.’’ 
Ditmars in New York Herald Tribune Books. 


271 text pages; 119 pages of illustrations. $3.65 postpaid 
THE DARWIN PRESS - NEW BEDFORD, MASSACHUSETTS 
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EXCITATION 
PHENOMENA 


Volume IV of 


COLD SPRING HARBOR SYMPOSIA 
ON QUANTITATIVE BIOLOGY 


36 papers (370 pages) including edited discussion and a large number 
of text-figures; and an index. Covers fundamental physico-chemi- 
cal phenomena related to the excitatory state; physical, chemical, and 
mathematical aspects of excitation in muscle and nerve; effects of 
pressure; properties of the synapse; cerebral potentials; etc. Authors: 
W. R. Amberson, G. H. Bishop, H. A. Blair, L. R. Blinks, E. Bozler, 
D. W. Bronk, D. Brown, McK. Cattell, K. S. Cole, G. Coppée, H. J. 
Curtis, H. H. Dale, H. Davis, W. O. Fenn, E. Fischer, A. Forbes, 
R. W. Gerard, H. Grundfest, $. E. Hill, H. Hoagland, H. H. Jasper, 
G. Kato, L. Lapicque, L. G. Longsworth, D. A. MacInnes, A. M. 
Monnier, W. J. V. Osterhout, G. H. Parker, C. L. Prosser, N. Rashev- 
sky, A. Rosenblueth, F. O. Schmitt, T. Shedlovsky, C. C. Speidel, 
J. Z. Young. 





Volumes I (Surface Phenomena), II (Growth), and III 
(Photochemical Reactions) still available. Single copies of any 
volume: $4.50. New subscription orders for all volumes as 
they appear: $3.75 per volume. Tables of Contents can be 
obtained from THE BIOLOGICAL LABORATORY, COLD 
SPRING HARBOR, L. L., N. Y. 
































CAMBRIDGE 
UNIVERSITY PRESS 


THE NEWER ALCHEMY 


By LORD RUTHERFORD $1.50 
In simple language Lord Rutherford explains the miracles 
wrought by modern science, which has at last caught up with 
the quest of the medieval alchemists who sought to turn base 
metals into gold. Lord Rutherford describes work which has 
been done on the splittng of the atom, and illustrates his dis- 
cussion with microphotographs of atoms under bombardment. 











ORIGINS OF 


CLERK MAXWELL’S 
ELECTRIC IDEAS 
as described in familiar letters to 
William Thomson, edited 
by SIR JOSEPH LARMOR $1.00 


These letters run from 1854-1879. They 
present a sharp and crisp account of the 
genesis and rapid progress of Clerk Max- 
well’s ideas as he groped towards a struc- 
tural theory of the electric and magnetic 
field. They form, in fact, an informal 
study in the natural mentality of a man of 
proved genius. 


ATOMIC SPECTRA 
AND THE 


VECTOR MODEL 
By A. C. CANDLER 2 vols. $8.50 


Mr Candler presents in modern notation the 
work done by Fowler and Hund; like them 
he uses inductive methods free from the 
heavy mathematics of the quantum me- 
chanics. These are the two chief topics 
of the present work. The last chapters 
deal with more recent related topics and 
lead the reader to the boundaries on which 
research is now concentrated. 


To be published in July: 


PRINCIPLES OF 


QUANTUM MECHANICS 
By A. LANDE Probably $2.50 


An introduction to modern physical theo- 
ries that should appeal to those who have 
studied quantum theory but want to re- 
examine and possibly revise the often con- 
tradictory concepts they have found to 
describe the experimental results. The 
main stress is laid on the complementarity 
of waves and corpuscles and on eliminat- 
ing such contradictory ideas as real par- 
ticles guided by mathematical wave rules 


and the like. 


ELASTICITY, PLASTICITY 
AND THE 


STRUCTURE OF MATTER 
By R. HOUWINK Probably $6.00 


This book brings into collaboration the ap- 
proaches of the physicist, the chemist, and 
the technologist to the study of the elastic 
and plastic phenomena accompanying de- 
formation of matter. Observations on 
many different substances—crystal, glass, 
resins, asphalt, textiles, rubber, proteins, 
paints, clay, sulphur—have been brought 
together to see how far general laws can 
be formulated and tested. 


MACMILLAN 
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NEW YORK, N. Y. 























